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Sin 

In accordance with the practice under 37 CFR 41 .37, the following 
is a brief in support of the Appeal filed February 29, 2008, appealing the 
Rejection dated December 31, 2007. 

Please charge any necessary fees associated with the Appeaf Brief 
pursuant to 37 CFR § 41.20(b) (2), to Deposit Account No. 04-1928 (E. I. 
du Pont de Nemours and Company). The Commissioner is hereby 
authorized to charge any additional fees which may be required or credit 
any overpayment to Deposit Account No. 04-1928. 
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(i) REAL PARTY IN INTEREST 

The real party in interest is E. I. DuPont de Nemours & Co., Inc., a 
corporation of Delaware, the assignee of this application. 
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(ii) RELATED APPEALS AND INTERFERENCES 

There are no related appeals and/or interferences known to 
Applicants. 
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(iiil STATUS OF CLAIMS 

Claims 1-1 1 were in the application as filed. Claims 1-11 were 
rejected by Office Action of March 24, 2006. Claims 1-1 1 were cancelled. 
Claims 12-19 were presented in an Amendment on November 6, 2006. 
The claims were entered by the Examiner. Claims 12-19 were finally 
rejected by Office Action of December 31 , 2007. 

Claims 12-19 are on appeal. All claims are rejected. Claims on 
appeal are listed in the Appendix hereto. 
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(iv) STATUS OF AMENDMENTS 



There has been one amendment to the claims after final rejection 
which was filed on Marcii 25, 2008 to place the claims in better fomi for 
consideration on appeal by correcting a typographical error in claims 1 and 
19. In claim 1 subparagraph "(c)" should be corrected to read in proper 
sequence as subparagraph "(b)". In claim 19 subparagraph "(c)" should 
be corrected to read subparagraph "(a)". The status of the Amendment 
After Final is unknown to appellant. The claims presented in this Brief are 
as amended prior to the Amendment After Final since the Amendment 
After Final is not considered to touch the merits of the application or raise 
any issues of substance. 
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M SUMMARY OF CLAIMED SUBJECT MATTER 

There is one independent claim, claim 12, which claims: 

An improved process for purifying a crude titanium tetrachloride 
chlorinator discharge from the carbo chiorination of titanium-containing 
materials comprising titanium tetrachloride, aluminum chloride and 
vanadium chlorides, by mixing a vanadium passivating agent selected 
from the group consisting of organic oil into the chlorinator discharge to 
form a passlvated discharge comprising one or more easy-to-separate 
vanadium-containing compounds, wherein the improvement comprises: 

(a) detecting, in the passlvated discharge, titanium 

oxychloride formed therein, and, if titanium oxychloride Is 
absent missing an aluminum passivating agent into the 
passivated discharge in an amount sufficient to passivate 
the aluminum chloride and react with the titanium 
tetrachloride to form titanium oxychloride, the aluminum 
passivating agent being selected from the group 
consisting of water, water containing solutions, water 
containing mixtures, and carboxylic acid to form one or 
more easy-to-separate aluminum-containing compounds 
in the passivated discharge; and 

(c) separating from the passivated discharge the easy-to- 
separate vanadium- and aluminum-containing compounds 
to fomi a purified titanium tetrachloride. 

The dependent claims add various other limitations, such as 
particular separation processes, an amount of vanadium passivating agent 
sufficient to reduce the concentration of, but not eliminate, the vanadium 
chlorides, a particular purge-containing product as the aluminum 
passivating agent, a process control method for controlling nlixing the 
passivating agents, particular vanadium passivating agents, and a second 
amount of vanadium passivating agent mixed into the passivated 
discharge. 
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The locations of these various features in the specification of the 
application are given below by the number of the claim in which they are 
recited. 

12. Page 3, line 10 to page 4, line 5, line 29 to page 5, line 2 



and lines 9-34, page 8 lines 2-9, page 7, lines 17-23, page 8, line 27- page 



9. line 2, also see Examples 1 and 2 and proviso (ii) of original claim 1. 


13. 


Page 4, lines 8-1 1 and original claim 2. 


14. 


Page 4, lines 31-34 and original claim 6. 


15. 


Page 8, lines 7-9 and original claim 7. 


16. 


Page 8, lines 10-26 and original claim 8. 


17. 


Page 6, lines 30-32 and original claim 10. 


18. 


Page 6, lines 32-34 and original claim 1 1 . 


19. 


Page 4, line 29 to page 5, line 8. 
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(Vl) GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

Claims 12-19 were rejected under 35 U.S.C. §103(a) as being 
obvious over the preamble to Jepson claim 12 as admitted prior art ("the 
preamble") or U.S. Published Patent Application No. 2001/0016182 A1 
("the Cronin et al. publication"). 

Claims 1-1 1 were rejected under 36 U.S.C. §1 03(a) as being 
obvious over U.S. Patent No. 2,600.881 of Kay et al. ("the '881 patent") in 
View of U.S. Patent No. 2.592,021 of Frey et al. ("the '021 patent") and the 
Cronin et al, publication. 
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(vii) ARGUMENT 



Brief Summary of the Background 

Titanium tetrachloride can be produced by chlorinating a titanium- 
containing material, typically a titanium-rich ore such as rutile. The raw 
materials, in addition to containing titanium, contain other metals which 
can be considered impurities such as vanadium and aluminum among 
other impurities. The impurities can be chlorinated along with the titanium 
resulting In a chlorinator discharge which can contain a major proportion of 
titanium tetrachloride and a minor proportion of chlorinated vanadium and 
aluminum. 

The chlorinated vanadium form yellow colored species which are 
undesirable, see Great Britain Patent No. 744,074 and also the instant 
specification at page 2, Ilnes12-14, 

To remove the chlorinated vanadium, U.S. Patent No. 4.246.022 of 
Robinson teaches purifying the chlorinator discharge by treatment with an 
organic oil, see Col. 1, lines 9-43. Vanadium chloride resulting from this 
purification step Is a solid which can more easily be separated from the 
titanium tetrachforide product. This purification step can be referred to as 
"vanadium passivation". See Australian Patent No. 219.385. Also see the 
instant specification at page 2, lines 12-19, 

The chlorinated aluminum impurities are highly corrosive and they 
attack the metal materials of construction rn the downstream equipment, 
see the Cronin et aL publication and also the instant specification at page 
1, lines 28-32. 

To remove the chlorinated aluminum, U.S. Patent No. 2,600,881 of 
Kay et aL ('Ihe *881 patent") teaches that water can be added to the crude 
titanium tetrachloride (also known as the chlorinator discharge). The 
Cronin et al. publication teaches that water can react with the aluminum 
chloride converting it to a less volatile non-corrosive hydrate or 
oxychloride. This purification step can be referred to as "aluminum 
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Chloride passivation". See the '881 patent at page 1 [0003] to [00004]. 
Also see the instant specification at page 2, lines 1-11. 

The inventors discovered that a passivating agent for aluminum 
chloride results from using organic oil for passivation of vanadium 
oxychloride in the crude titanium tetrachloride chlorinator discharge. From 
this surprising discovery, an improved process for purifying crude titanium 
tetrachloride was discovered which can reduce titanium yield loss, improve 
raw material utilization to reduce process cost and the amount of waste 
produced. See the instant specification at page 5, lines 27-34. In the 
improved process, the aluminum chloride passivation, by way of the 
vanadium passivation using organic oil, is determined by the titanium 
pxychloride concentration in the vanadium passlvated product. When 
titanium oxychloride is detected in the vanadium passlvated product, 
aluminum chloride has been passlvated. However, when titanium 
oxychloride is absent, the aluminum chloride has not been passlvated 
requiring use of an aluminum passivating agent, see the instant 
specification at page 6, lines 6-19. 

Vanadium passlvated titanium tetrachloride streams can contain 
tenacious solids, as high as 50 to 60%, which are difficult to deal with In 
the analytical equipment which is needed to detect the presence (or 
absence) of substances such as titanium oxychloride. As such, the art of 
vanadium passlvated titanium tetrachloride did not lend itself to analyzing 
vanadium passlvated titanium tetrachloride for substances such as 
titanium oxychloride which lead to the discovery that only if titanium 
oxychloride is absent In the vanadium passivated titanium tetrachloride 
stream would It be necessary to use an aluminum chloride passivating 
agent. 

Rejection under 35 U.S.C. S103fa) in view of the preamble to Jepson 
claim 12 as admitted prior art ("the preamble") or Great Britain Patent 
No, 744,074 ("the '074 publication'"), either one in view of Cronfn et al. 
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U,S, Publis hed Patent Application No. 2001/0016182 f"the Cronin et 
ai, publication"^- 



Claims 12-13 and 15-18 are cxinsidered to stand or fall together. 
In rejecting claims 12-13 and 15-18. the Examiner found that the 
preamble of the Jepson-style claim presented Is admitted prior art and that 
the admitted prior art or the '074 publication can be pointed to for 
disclosing a process for purifying titanium chloride to passivate vanadium 
using an organic oil, in the case of the preamble, or animal wax In the case 
of the '074 publication. From these citations, the Examiner concludes that 
It would have been obvious to one of ordinary skill in the art to "...select a 
known and conventional oil or animal fat in the art to effectively remove the 
impurities, especially vanadium and/or aluminum from titanium 
tetrachloride through routine experimentation." The Cronin et al. 

publication was then relied on for disclosing techniques for passivating 
aluminum chloride by monitoring titanium oxychloride. 

This basis for the conclusion of prima facie obviousness is in error 
because it ignores an important process step of the claims which is not 
disclosed in the cited references and would not have been an obvious 
modification of the teachings of the cited references. While using organic 
oil or animal wax in processes for removing vanadium was known, using 
organic oil or animal wax in such processes was not known for removing 
aluminum and, thus, the process for purifying a crude titanium 
tetrarchloride chlorinator discharge by the process steps of detecting if 
titanium oxychloride is absent and mixing an aluminum passivating agent 
into the vanadium passivated discharge in an amount sufficient to 
passivate the aluminum chloride and react with the titanium tetrachloride 
to form titanium oxychloride would not have been obvious. Routine 
experimentation of treatment for removing vanadium chlorides would not 
have revealed passivating aluminum in titanium tetrachloride chlorinator 
discharge and further would not have also revealed or suggested that it 
would have been obvious to detect if titanium oxychloride is absent and 
mixing an aluminum passivating agent into the passivated discharge in an 
amount sufficient to passivate the aluminum and react with the titanium 
tetrachloride to form titanium oxychloride. 



Claims 12-13 and 15-18 
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Nonobviousness of the claimed process is especially apparent 
because it was not known that a passivating agent for aluminum chloride 
is a product that results from using organic oil for passivation of vanadium 
in the crude titanium tetrachloride discharge. From this surprising 
discovery, the claimed Improved process for purifying crude titanium 
tetrachloride was discovered which can reduce titanium yield loss, improve 
raw material utilization to reduce process cost and the amount of waste. 
See the specification at page 5, lines 27-34. In the improved process, the 
aluminum chloride passivation, by way of the vanadium oxychloride 
passivation using organic oil, is determined by the titanium oxychloride 
concentration in the vanadium passlvated product. When titanium 
oxychloride is detected in the vanadium passlvated product, aluminum 
chloride has been completely passEvated. However, when titanium 
oxychloride is absent, the aluminum chloride has not been completely 
passlvated requiring use of an aluminum passivating agent, see the 
specification at page 6, lines 6-19. 

In responding to the argument that the Cronrn publication would not 
have been obvious to combine with prior disclosures of vanadium 
passivation, the Office action provides that the Cronin publication teaches 
the need and the process for passivating aluminum and that the 
concentration of titanium oxychloride in the chlorinator discharge could be 
measured in-process to adjust the rate of addition of aluminum chloride 
passivating agent, l-iowever. it is important to note that the claimed 
feature of detecting the titanium oxychloride concentration is in the 
vanadium passivated discharge, not the aluminum passivated discharge 
as taught in the Cronin et al. publication. A person of ordinary skill in the 
art of crude titanium tetrachloride passivation would not have even 
considered trying to analyze the vanadium passivated titanium 
tetrachloride for titanium oxychloride concentration because vanadium 
passivated titanium tetrachloride streams can contain tenacious solids, as 
high as 50 to 60%, which are difficult to deal with in the analytical 
equipment which is needed to detect the presence (or absence) of 
substances such as titanium oxychloride. Consequently, it is important 
that neither the Cronin publication nor any other references of record 
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disclose detecting the absence of titanium oxychloride in the vanadium 
passivated titanium tetrachloride in order to make a determination about 
mixing an aluminum passivating agent into the vanadium passivated 
discharge as recited in the present claims. 

Claim 14 

Claim 14 should be separately considered by the Board. 

Claim 14 is directed to mixing the vanadium passivating agent Into 
the chlorinator discharge In an amount sufficient to reduce the 
concentration of, but not eliminate, the vanadium chlorides. 

Nothing in the cited references has been pointed to which teaches 
or suggests the obviousness of mixing the vanadium passivating agent 
into the chlorinator discharge in an amount sufficient to reduce the 
concentration of, but not eliminate, the vanadium chlorides. A two step 
addition of the vanadium passivating agent does not eliminate the 
vanadium chlorides in the chlorinator discharge. The two step process 
improves raw material utilization by minimizing the amount of passivating 
agent When titanium oxychloride is not present, an amount of aluminum 
passivating agent sufficient to form titanium oxychloride is added to form 
easy-to-separate aluminum-containing compounds, see the specification 
at page 4, line 36 to page 5. line 2, The rejection of claim 14 is in error 
because nothing in the cited references has been pointed to which 
teaches or suggests that it would have been prima facie obvious to mix the 
vanadium passivating agent into the chlorinator discharge In an amount 
sufficient to reduce the concentration of. but not eliminate, the vanadium 
chlorides in a process for purifying a crude titanium tetrachloride 
chlorinator discharge as recited in the Instant claim. 
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Claim 19 

Claim 19 should be separately considered by the Board. 

Claim 19 depends from claim 14 and further comprises after the 
separating step, mixing the vanadium passivating agent into the 
passivated discharge in a second amount to eliminate the vanadium 
chlorides. 

Nothing In the cited references has been pointed to which teaches 
or suggests that It would have been prima facie obvious to mix the 
vanadium passivating agent into the chlorinator discharge in an amount 
sufficient to reduce the concentration of, but not eliminate, the vanadium 
chlorides, when titanium oxychloride is not present, mixing aluminum 
passivating agent sufficient to form titanium oxychloride and mixing the 
vanadium passivating agent into the passivated discharge in a second 
amount sufficient to eliminate the vanadium chlorides. 

The rejection of claim 1 9 is in error because nothing in the cited 
references has been pointed to which teaches or suggests the prima facie 
obviousness of the two step process as recited in the instant claim 19. 

Rejection under 35 U.S.C, S103fa) In view of U.S. Patent No. 2.600,881 
of Kay et al, ("the '881 patent") in view of U.S. Patent No, 2,592,021 of 
Frev et aL ("the '021 patenf and the Cronin et al. publication 

Claims 12-13 and 15-18 

Claims 12-13 and 15-18 are considered to stand or fall together. 

m rejecting claims 12-13 and 15-18, the Examiner relied on the '881 
patent for teaching removal of aluminum chloride in solution with liquid 
titanium tetrachloride which comprises mixing an amount of water 
sufficient only to react with the active aluminum chloride to be removed. 
The '881 patent was additionally relied on for teaching the undesirability of 
excess water to avoid loss of titanium values. The '881 is further relied on 
for suggesting the removal of vanadium at Col. 6. lines 30-35 after removal 
of aluminum chloride. Reliance is then placed on the *021 patent for 
disclosing the removal of coloring impurities from titanium tetrachloride by 
mixing the titanium tetrachloride containing vanadium chloride impurities 
with an organic compound such as a hydrocarbon oil such as "petrol, 
crude oil, benzene, liquid paraffin, cracking gases, animal and vegetable 
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fats and oils, etc." see Col. 3, lines 21-23. From this combination of 
references, the view is taken that one of ordinary skill in the art would have 
found it obvious to remove the vanadium impurity from the titanium 
tetrachloride of the '881 patent because the ^021 patent provides "an easy 
and cheap way of removing impurity from titanium tetrachloride". 

The Cronin et al. publication is then relied on for teaching an in 
process, real-time control loop for monitoring the presence of titanium 
oxychloride in order to decide the addition of the aluminum passivating 
agent. 

Ex parte Rubin, 128 USPQ 440 (Bd. App, 1959) and In re Burhans 
1 54 F.2d 690. 69 USPQ 330 (CCPA 1 946) are relied on for concluding 
that the order of performing process steps by removing vanadium before 
the step of removing aluminum as recited in the instant claims would have 
been prima facie obvious in the absence of new or unexpected results. 
These cases stand for the proposition that an obviousness conclusion can 
be reached In the absence of any proof that the order of performing steps 
produces an unexpected result However, the finding that the order of 
process steps Is the key difference between the claims and the disclosure 
of the cited references overlooks important features recited in the claims. 
In ex parte Rubin , the Patent Office Board of Appeals considered a 
situation where the claims were directed to a method of fonming a 
^ laminated sheet in which only the order of steps was changed and 

according to the record, the same product was obtained and the method of 
the prior art was considered to be better than the claimed method. In 
contrast, the '881 patent which discloses inactivating aluminum chloride in 
titanium tetrachloride and after distillation freeing the titanium tetrachloride 
from color-Imparting impurities such as a chloride of vanadium by an 
additional treatment such as by distillation over a copper contact mass 
would not have suggested or made obvious the claimed step of detecting 
titanium oxychloride in the vanadium passivated discharge and rf absent 
mixing an aluminum passivatlng agent Into the passivated discharge in an 
amount sufficient to passivate the aluminum chloride and react with the 
titanium tetrachloride to form titanium oxychloride because there is no 
recognition in the '881 patent, or any other reference of record, that 
detecting titanium oxychloride Indicates aluminum chloride passivation. In 
the absence of the discovery that a passivating agent for aluminum 
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chloride forms from passivation of vanadium chloride, it would not have 
been obvious to the person of ordinary skill in the art of cnjde titanium 
tetrachloride passivation to detect titanium oxychloride in the vanadium 
passivated discharge in order to recognize that only if titanium oxychloride 
is absent is an aluminum chloride passivating agent required. Moreover, a 
person of ondinary skill in the art of crude titanium tetrachloride passivation 
would not have even considered trying to analyze the vanadium 
passivated titanium tetrachloride because vanadium passivated titanium 
tetrachloride streams can contain tenacious solids, as high as 50 to 60%, 
which are difficult to deal with in the analytical. equipment which is needed 
to detect the presence (or absence) of substances such as titanium 
oxychloride. As such, the finding that the claims have a different order of 
removing aluminum and vanadium which would have been obvious 
because any order of performing process steps is prima facie obvious in 
the absence of new of unexpected results is in error. Accordingly, a 
proper prima facie showing of obviousness has not been made. 
Claim 14 

Claim 14 should be separately considered by the Board. 

Claim 14 is directed to mixing the vanadium passivating agent into 
the chlortnator discharge in an amount sufficient to reduce the 
concentration of, but not eliminate, the vanadium chlorides. 

Nothing in the cited references has been pointed to which teaches 
or suggests the obviousness of mixing the vanadium passivating agent 
Into the chlorinator discharge in an amount sufficient to reduce the 
concentration of, but not eliminate, the vanadium chlorides. A two step 
addition of the vanadium passivating agent does not eliminate the 
vanadium chlorides in the chlorinator discharge. The two step process 
improves raw material utilization by minimizing the amount of passivating 
agent. When titanium oxychloride is not present, an amount of aluminum 
passivating agent sufficient tb form titanium oxychloride Is added to form 
easy-to-separate aluminum-containing compounds, see the specification 
at page 4, line 36 to page 5, line 2. The rejection of claim 14 is in error 
because nothing In the cited references has been pointed to which 
teaches or suggests that it would have been prima facie obvious to mix the 
vanadium passivating agent Into the chlorinator discharge in an amount 
sufficient to reduce the concentration of, but not eliminate, the vanadium 



PAGE 1»57 * RCVD AT 4/1/2008 3:11:36 PM [Eastern Daylight 



APR. 1.2008 2:21PM DU PONT LEGAL BMP BLDG-25 R1375 NO, 9089 P. 19 

Appfication No.: 1 0/539,71 8 Brief On Appeal 

Docket No.: CH2883 US PCT Page 18 



chlorides in a process for purifying a crude trtanium tetrachloride 
chlorinator discharge as recited in the instant claim. 
Claim 19 

Claim 19 should be separately considered by the Board. 

Claim 19 depends from claim 14 and further comprises after the 
separating step, mixing the vanadium passivating agent into the 
passlvated discharge in a second amount to eliminate the vanadium 
chlorides. 

Nothing in the cited references has been pointed to which teaches 
or suggests that it would have been prima facie obvious to mix the 
vanadium passivating agent into the chlorinator discharge in an amount 
sufficient to reduce the concentration of, but not eliminate, the vanadium 
chlorides, when titanium oxychloride is not present, mixing aluminum 
passivating agent sufficient to form titanium oxychloride and mixing the 
vanadium passivating agent Into the passivated discharge in a second 
amount sufficient to eliminate the vanadium chlorides. 

The rejection of claim 1 9 is in error because nothing in the cited 
references has been pointed to which teaches or suggests the prima facie 
obviousness of the two step process as recited In the instant claim 19. 
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CONCLUSION 

For the reasons set forth It is submitted that the Examiner's 
rejections are improper and should be reversed, which action is eamestfy 
solicited. 




Jessica M. Sinnott 
Attorney for Applicants 
Registration No. 34.015 
Tel, No, (302) 992-4895 
Fax No. (302) 992-7949 



Date: 
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(Vim CLAIMS APPENDIX 



12. In an improved process for purifying a crude titanium tetrachloride 
chlorinator discharge from the carbochlorination of titanium-containing 
materials comprising titanium tetrachloride, aluminum chloride and 
vanadium chlorides, by mixing a vanadium passivating agent selected 
from the group consisting of organic oil into the chlorinator discharge to 
form a passrvated discharge comprising one or more easy-^to-separate 
vanadium-containing compounds, wherein the improvement comprises: 

(a) detecting, in the passivated discharge, titanium oxychloride 
formed therein, and, if titanium oxychloride is absent, mixing an 
aluminum passivating agent Into the passivated discharge in an 
amount sufficient to passivate the aluminum chloride and react 
with the titanium tetrachloride to form titanium oxychloride. the 
aluminum passivating agent being selected from the group 
consisting of water, water containing solutions, water containing 
mixtures, and cariaoxylic acid to form one or more easy-to- 
separate aluminum-containing compounds in the passivated 
discharge; and 

(c) separating from the passivated discharge the easy-to-separate 
vanadium- and aluminum-containing compounds to fonm a purified 
titanium tetrachloride. 
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13. The process of Claim 12 wherein the separation process is selected 
from the group consisting of flashing distiiration, multi-stage distillation, a 
solid-liquid separation process, filtration, and centrlfugation. 

14. The process of Claim 12 wherein the vanadium passivating agent is 
mixed into the chlorlnator discharge in an amount sufficient to reduce the 
concentration of, but not eliminate, the vanadium chlorides- 

1 5. The process of Claim 12 wherein the aluminum passivating agent is 
comprised of a purge-containing product from the passivation of vanadium 
chlorides taken from a process step following the separation step, 

16. The process of Claim 12 wherein the mixing of the vanadium 
passivating agent and the aluminum passivating agent are controlled by a 
process control method, 

17. The process of Claim 12 wherein the vanadium passivating agent is a 
petroleum oil. an animal fat, a vegetable oil or^a combination thereof 

18. The process of Claim 12 wherein the vanadium passivating agent is a 
hydrogenated naphthenic oil. 

19. The process of Claim 14 further comprising after step (c) mixing the 
vanadium passivating agent into the passivated discharge in a second 
amount sufficient to eliminate the vanadium chlorides. 
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Hx) EVIDENCE APPENDIX 



(a) U.S. Patent No. 4,246.022 of Robinson (see March 24, 2006 Office 

action) 

(b) Great Britain Patent No. 744.074 (see December 31 , 2007 final Office 

action) 

(c) Australian Patent No. 219.385 (see March 24, 2006 Office action form 

PTO/SB/08A) 

(d) U.S. Publislned Patent Application No. 2001/0016182 of Cronin etal. 

(see December 31 , 2007 final Action) 

(e) U.S. Patent No. 2,600,881 of Kay et al. (see December 31, 2007 final 

Action) 

(0 U.S. Patent No. 2,592.021 of Frey et al. (see December 31 , 2007 final 
Action) 

(g) Ex parte Rubin 128 USPQ 440 (Pat. Office Bd. of App. 1959) (see 

December 31 , 2007 final Action) 

(h) lnreBuriians69USPQ330(CCPA1946) (see December 31 . 2007 

final Action) 
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(X) RELATED PROCEEDINGS APPENDIX 
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ABSTRACT 



Pritncty Examiner — M. J. Andrews 



Metal may be recavored from metal chlor!dcs» fbr ex- 
iixttpte a mixed naetal chloride: residue from the fluidized 
bed chloruiaiion of a tiwniferous ore in the presence of 
c^irbon to produce dcaiiiuin tetrschlonde by heating} m 
ibe presence of a scavenging agenl^ which may com- 
prise a combinadoa 0/ Htantcm dioxide and carbon 
inbereatly present m a residue finam the afdresaid fiuid- 
i2cd bed chlorinolion pn^ccss* to at least 1500* C. and 
preferably to a temperature at which iron present is 
liquid. If the tcmperatiu« i£ raaw^Bhied at below 2200* 
C. iron, van^teUum and niobium may be recgrvercd pref- 
erentially to certain lower v^lvc metals whic^ remain in 
the form of chlorides giving the possitnlUy for the re- 
covery of a high value mixed metal product. Titanium 
trichloride may be formed and th{9 niay be chlorinated 
to tixanium tctiachloride ihereby increa^faxg the' effi- 
ciency of the original chlorinadon proccs. 

9 Claims, No DiawiD^ 
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_ oaUy to react with all the chlorine of the itsidue and 

PROCESSING M£rAL CHLORIDES heating the sq-trcated rcsidixe in a free oKygeaiHSonCnin- 

ing atmbspherc at a temperature ofti least 300' C to 

BACKGROUND OF THE INVENTION remove the major part of the chlorine « hydrogen 

1 . f^ield or the Invention * chloride to ease the recovery of vansdlwm zirconium or 
This invcntiop iiclates to the processing of metal chlo- chromium as oxides. The fiaid recovery is a chemical 

rides oad the recovery, therefrom, of metal. process, involving treatment with an alkali or acid' to 

2. Brief Description of the Prior Art provide soludous which, by conventional techniques. 
Titanium tetrachloride may be produced by chlorl* sivc rise tp tho separate consticucnc mctala. 

Dating a titaoiferous material which, typically, contains The U.S. Bureau of Mines Report Rl 7671 (1972) 

at least 90% by weight of titanium diojride either be- describes a process tot the separation or columbium 

cause it comprises a utanium-rich ore such a$ ruHlo or (niobium), tantalum, titanium* and zirconium from min- 

because it comprises an ore bcncficiate or synthetic era! waste frofl;^ the chlorination of nitile ore. The pro- 
rutilc from which a large proportion of the iroa crigi-* cess described is a Hquid-liqiiid extraolion 'proce&s in- 

nally in the ore has been removed. The chlorijiadon is voJving the use of a lO-stagc reactor, 
followed by the purificatioD of the titanium cetrachlo- 

ride vapour produced and the aecumulation in the SUMMARY OF THE INVENTION 

course of such purification of one or more reaidaes The present invention relates to a process for the 

which, typically, contain iron compounds but which direct recovery of meiaJa frgm met^J ghlorideg. The 

may also contain lAlorides of high value metals, suehaa 20 invention is particularly applicable to the Ueatmcnt of 

mobium or vanadium and chlorides of iclativdy low ^esidncs from the production of titmiium tetrachloride 

value metals such as alummmm. magnesium, calcium the ehlorinaiiwi of a titaniferous materhd. The in ven- 

.t, T,, . . r ^^"^ applicable to other metal chloride residues, 

Particularly, m the chlonflaiion of a titaniferous ore jfy^ni whatever soorci^ subject to the presence ofa 

fiuchQ5niblcorsyntheacTi*iileore, inafluidisedbe^ 25 ,^^^-,^^^1 high proportion of compounds of high 

1. Blow-over dust, 6.0. TiOz. C SIO2, ZtOt. ZtSIOa. 

2. Vapourpu* chlorides of the minor consutuents of DETAILED DESCRIFnON OF THE 
the ore, 30 PREFBILRED EMBODIMENTS OF THE 

3. Residual inert gas and carbon oxides. INVENTHON 

4. TitButum tctTBchloride vapour. . j ^ . . - . 

TWsemuentstreartmaybccoolcdtocondensesome _Z?^ P™?"^ hivenhoii provides a process for the 

cf the chlorides, notably iron chlorides and niobium weat^e^t of metal chlondc to recovermctal Hicrcftwi 

chloride, without condensing any substantial quantity 35 characterised by estabhshin^ a rartfurc of oictel chlo- 

of titanium tetrachloride anjd passed to a coM cyclone "^^ * chlorine scavenger, causing die metal cWo- 

whcrc such condensed materials and blow-over du9t are r '^^^ ^ chlorine scavenger by heating 

substantially removed from the stream. The titanium them to a tempemture of at leait 1500" C. and separating 

tfitrachloride may then be condensed to separateir from reaidthig metal from the resulting chlorine-loaded 

residual inert gases and carbon osutjc? and ptixilled by 40 ^^vengcr. 

treatment with mmeml cfl, a minei^ oil sludge residue <=lass of chloride scavenger which is suitable Jbr 
ofcea containing plumijiium chloride, niobium chloride pi^tice of this invention comprises a corobi- 
and vanadium chloride thereby being prodnced. nation of a tnetal oxide capable of forming metal ch lo- 
ir would be desirable ta recover the high value metals Tldc& volatile at tbe temperature involved and a de-oxi* 
from metal cliloride residues. Farticul^ly^ the cyclone ^5 dant. 

and oil purification residues from dtanium tetrachloride Pieferably the metal oxide IS titanium <Uo^dQ. al^ 

production, combined or separately, provide a rela- though aiumixui or sillcoii dioxide may, alteriiatively, be 

tively concentrated sowee of high value metals, e.g. usab3& Preferably the metal oxide has a particle size no 

niobium and/or vanadium* if they can be recovered greater than 500 and, particularly preferably, no greater 

effectively and economically from the chloride form in SO than 175 microns. Preferably the de-oxidant is a form of 

which chcy are present in the residues and, preferably. carbon, for example, cokes Preferably the de»>oxidant 

fractionated to some extent from the low valne metals has» a particle size of no greater ttian 3500 microns and 

ahio presenL A typical combined cyclone and oil purili- particularly preferably, no greater than 500 microns. In 

cation residue from a titmxifbrous ore cfalorinaiion pro- use, the metal oxide forms volatile metal chloride^ for 

cess ^r the production of eitanium tetrachloride cw S$ example titanium chloride, the de-oxida&t may combine 

contain, for eacli mole of titanium tetrachloride pro- with the oxygen rdcascd to form carbon oxides and the 

dnecd. up to about 0.007S moles of v«iadium chloride metal of the original metal chloride may remain in the 

and Up 10 about 0.005 moles of niobium chloride and, metallic sfato Jfor recovery. The metal oJtide and the 

assuming the producing unit to be on a commercial carbon are preferably used iii ai least the theoretical 

scale, the equivalent annual quantities of vanadium 60 quantity to fulfil their purpose, that is, to react with the 
metal and mobiuni metal present in the residue amount . quantity of mehzl chloride reactive at the icnip^atcre 

of hundreds of tons. employed which is present and, particulariy preferably, 

British Pat. No- 1,250,013 relates to a process for are used in an exccsa over that quantity, for example, an 

treating a vanadium, zirconium or chronirum-coTilaxn- excess of from 50% to 250%. - 

ing residue from the cblorination of titaniferous ore, to £5 It is a particularly advantageous feature of this inven- 

faciiitate the recovery of vanadium therefiromf compris- tion that metal chloride lesiducQ recovered from cfflu- 

ing treating (he residue with water in an amount insufli- ent gases from the fluidised bed ohlorinniion of a titanif- 

cient to slurry the residue but at leaat sufHcient theoreci- erous ore carried cut in the presence of carbon may be 
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ireated di/«:tly» by applying the required tcmperatui-e parting tempenUures in excess of 1500' C. to a pardcu- 
thcreto, aince they inherently contain a chlorine aca- Jaie solid feed. Alterpalively. the proccM may be con- 
vanger by reason of Cheir content of titanium dioxide ducted In an tfdectrical induction fbniace which has the 
«ad of carton in che fbnn of blow-over du^t for the Advantage of not being subject to intcifhrcnce with a 
operation of the invention. Generally the chlorine sca- 5 discharge by particles being treated, or products of that 
vangCTiapresentin a suiiafcic quantity. ' treatmciit, for exami^le iron in liquid fonn* some of 

Preferably the mixture gfnie(«a chloride and chlorine which may be electrically conductive. Suitably die 
scavenger is hjcared to a temperature such that at least process b conducted by allowing a mixture of metal 
the Iron component of the product mcials is in the liquid chloride and chlorine scavenger to fall tlirough a reac- 
fonn. Since thp iron component i« a product component lo tion chamber capable of imparting the requisite temper, 
this tnay enable the product mixed metals, even if «jme ature to the felling stream, 

are at temperatures below their mdividuai melting The prmtice of the present uivention may give rise to 
ppmts, to he tapped or poured fhsm the product receiv- the formation of phosgene. Normal precautions applica- 
ing vessel and, if dewrcd, directly cast hito ingots. Cei^ hie to gases contHining phosgen6 ahould therefore be 
tain metals, notably iron, tend to volatalise at about 15 appUed. 

3000* C. and the mizture of metal chloride and chlorine An Example of the practice of this iAventkin will now 
scavenger is tbemfore heated Do as a prcf(«reace below be described, 
such temperature. 

We have found that a certain degree of separation of ^ EXAMPLE 

more valuable ftom less valuable metals is possible by 20 Tiianium tetrachloride was produced by the chlori- 
funber parueular control of the temperature withm the nation of particles of mtile ore m admixture with parti- 
broad indication given above. If the mijitare of metal cles of carbon in a Hvidised bed- The hot titanium teira- 
^n^,^'?*^ scavenger is heated to below chloridc-contammg gas strewn issuing from the bed was 

Rt30ut 22(W C. at least a 4>roportion of fchlorides of the passed into a cyclone maintained at 200' C which acted 
less valuable metals, for example some or more of ab- 2$ to condense certain metal chlorides from the gas strcHm 
^iinnm, zirconium, ma^anesc, magnesium and calcjum, and to recover these togcthi?r whh carbon dust to form 
Ms to react with the chlorine ecavenger with the eflbct a residue The titanium tetrachloride was condeascd 
thatsaidproportiaii,whichisvohitnUfied,njaybeledoff separately and purified by treating it with an oU to 
as vapour. To attam effjcienf operation of the mventioo produce a further residue- The residues thereby db- 
the mixture of metal chloride and chlorine scavenger 1$ 30 tained weic mixed and the mixed residue contained, 
preferably heated to at least 1700* C. at which tempera- 23% titamum onde . 
turc the ractals product is more readily recovered than 44% carbon 
at lower temperatures. 1.1% sflicoh osude 

' The metal product of this mvention may mainly com- 4,5% zirconium oxide 
prise a miztare of iron togctiber with vanadium and/or 35 iron chloride 

mobium. Where an ore contaim'ng IHtle iron has tiaan 2.5% chromium cMoride 
chlorinated to produce titanium tetrachloride, for exam- S.9% vanadium cMoride 
pic. mtile ore, ihe metal product obtained by the prac- ' 3.5% aluroiniutn chloride 
tice of this invention may comprise not more than 30% 5.3% niobium chloride 

for example from 20% to 50%. by wei^jh t of iron. The 40 A charge of 125 g of the mixed residue was placed m the 
metal product of the invention may contain up to about crucible of a Rnydync 10 kilowatt induction healer 
25% fbr example from 10% to 25% by weight of vans- model C95. The crucible was of grapito» was cylmdri- 
dtum and/or nioWuro- cal, with one closed end and the dimensions Ifength 18 

Where the mvention is operated using a chlorine cm, external diameter 8 cm and internal diameter 3 cm, 
scavenger Idclndmg titanium dioxide the titanium chlo- 43 and was positioned hori-contally supported on an axial 
nde produced mainly comprises titanium trichloride rotatablc graphite rod protruding from the closed end. 
although at higher tempemturas titanium dicdiloridc At the other end to the rod the crucible was fitted with 
may be fonned. Utanium trichloride is a desirable by- a graphite screw plug to seal in the charge and to pre« 
product sancB It is readily recovered from inert gaaes - vent the vohitilc metal chlorides ventmn to the atmo- 
amd carbon oxides by condensation. It may be readily SO sphere. A 7 mm diameter hole was drilled m the body of 
chlorinated to titaninm tetrachloride. The quantity of the cmdble to come within 2 mm of the inner surface 
extra titanium tetrnchJoride which may be generated in and to accommodate a withdrawable iridtum/iridlum 
thjs u Mnne r ra»y be over a03 moles per mole of tita- 40% rhodium thermocouple. The cmclbic was Sup- 
ninrn tetrachloride produced by ore chlorination and rounded by the induction coil with a space tberebe- 
thexefore represents an appreciable mcrease m the efS- 55 tween thermally msulated with cermnic wool, and the 
ciency of the titanium tfstraohloride production process coil/crucible assembly was contamed in an asbestos 
from which the residues Q^ted by the invention were box, 

- „ . , ^ , . The crucible, containing the charge, was rotated at 25 

Th!5 further chlonnatign of the lower chlondc is rpm and electrical power was applied to the coU. Peri- 
cxothemiic and is readily accomplished merely by 60 odically, the power was switched off. the rotation 
contact, m the vapour phase with chlorme gas. Prefera- stopped and a temperature measurement made with thc 
bly the chlorroadon is conducted by dh^y contacting withdrawable thermocouple. A temperature of 1700' C. 
the gaseous stream containing the lower chlorides with - wiis achieved and maintamed for 30 minutes. Power 
chlorme. Preferably the fhither oMorination is con- was switched off and the system allowed to cool " 

^ * temperature of at least 1000* C- but below 65 When the crucible was cooL The screw plug was 
2200 and, particuJaTly preferably below 1500' C. removed and there was a release of pressure. There 

The pr«ent mvention may be carried out in any of a were a few crystals of a purple compound, which on 
vanety of electrical discharge furnaces capable of im- analysis was shown to be TiOj, and a slag like material 
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was aJso ibund. When tbe slag wis broken up 90me 4. A proecsv as claimed to claim 1 wberem the metal 
beads of Aeisl were found which weigfied 3.0 granu. ^^^^^ w selected Eeom titsniura' dioxide; sflicon dioxide 
This metal wss a&nlysed by X-ray fluorescence aud aJumin^; 

found to have ahnost equal atomicities of vanadium and . ?" ^ Pr^c^ ^ claimed in claim 1 wherein the carbon 
niobium with double the atomiciiy of iron. ^ IfrJS,*? particles having a size no greater than 

I claim- ■ microns and the metal oxide in the form of parti- 

1 A n^/^Mc Pr,, - — *.i 'jk having a size no gre^r than 500 microns. 

• M^i^l! metal chlondes a process as daiiSed in claim 1 wherein the carbon 

com|tfifi,nfiironchlondeamiacompoimdfielectedfrom a„d the metal oaide are present in an excess over the 
the ^oup conwstmg of vanadium chloride, niobium 10 qnantUy requited in theory having regaid to the quan- 
chloride and mixtures ihereof to recover The corre- ^ of metal chloride reactive with che chlorine jcaven- 
sponding metals thereCnom, which comprises; S^r ai the temperature employed, 

establishing a nnjctuce of the metal chlorides and a ^ process bs claimed in claim 1 wherein metal 

chlorme scavenger which comprises a combination chloride *o be treated comprises a residue recovered 
of carbon and a metal oxide capable of forming a " ™" effluent gases from the Mdiscd bed chlorination 
corresponding volatile metal chloride at the tern- t ore cmried out in the 

M.^^«*4. ► I.' w *t. J. , T , . * presence of carbon, the residue eontainmB a chlorme 

f ?^ T'^f "'""^B" content orSaiLn dioidde 

. and the chlonnc scavenger arc heated as hereinaf' and of carbon. 

terdescribedj ^ 20 8. A process as clahncd m claim 1 wherein the mclal 

causing the metal chlorides to react with the chlorine chloride to be treated smd the' chloiinc scavenger are 

scavenger by heating their mixture to a tempera- heaied to a tcmpeiature such tbit iron present would be 

turc of at least 1,500° . C.,- and ^ ^ Kquid foftm 

separating said correspcnding metals from the resnlt' '* ^ pfoccss as clasmod in dazm 1 whence the metal 

ing chlorine-loflded scavenger ^ ddorides to be treated Anther ccmpriscs. at least one 

2. A process af. claimed in claim 1 donducted u an zircomum. manganese, magne. 
electrical discharge Aimace. S^J'"'* calcmm the mem] chloride to be treated and 

* A .w^*** , . ™: . f. - ^ , scavenger bang heated to a Conpeiature below 

3. A pgfocess aa claimed m emlm 1 conducted in an 2200' C 

electrical mdueiios furnace. 30 « * » * « 
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Michael Robinson 



It Is certified that error appears m the above— identltisd patent and that safri Letters Patent 
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column 4r line 42; 
Coluflih 6, Claim 9i 

[SEAL] 



"grapite" should read - — graphite — . 
Delete claim 9 in its entirety. 
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COMKLETB SPECmECATTON 



Xdnprovements in or relatiiig to fiie purificatioii of fitanKam teteachlotide 



We. Nauokal Lead Company, a Cor- 
pocadon organised 'and existiiDig imder the 
La«$ of the State of Nev Jersey, Uoxted 
States of America, of 111, Broadway, New 

. 5 York 6, State of New York:. United States 
of America, da hereby declare the mventioii. 
fbr tv-hich w pray th^ a patent may be 
granted to and the jnethod by which fc 
is to be peifojmied, to be particularly 

10 described m aad by the foliowhig j&tate- 
ment; — 

The present invention is for improvements 
in. or relating to the purification of dtamum ■ 
tetracWoiide. 

15 In genera] the tetrahalzdes of metals of the 
fouith group of elements are piepated by 
chlorinating a metal (beadng material and 
j5ecoveriog the metal tetrachloride vapoFur 
in the form of a relatively impure liqnid con- 

20 densate. By way of example, liquid titanium 
tetrachloride is commonly prepared by treat- 
ing a titaniferou^ n^terial such as titani- 
feroos iron ore, or ilmenite with chlorine 
gas, in a. static bed or flUO-SoHds operadon, 

25 to form titanium tetrachloride vapour which 
is subsequently condensed to form a crude 
titanium tetrachloride condensate. Since 
there are a number of elements in the raw 
materials in addition to titanium, which re* 

30 act with chlorine to form volatile chlorides 
and whkSi carry over -with the titanium 
tetrachloride vapouisL, the titanium tetra- 
. chloride condensate, sometimes hereinafter 
referred to* as crude titanium tetrachloride, 

35 is xovaiiably impure. Moreover, it ha^ been 
found tiiat these volatile chlprides axe not 
readily eliminated by distillation since the 
' respectii^ cHorides such as, for example, the 
chlorides of silicon, aluminiuin* niobium^ 

40 tungsten and vanadium, tend to distil over 
with the titanium tetrachloride values and to 
be found in the condensate. One such im- 
pmiQr w!h2e33u because ^ the ptosdxuil^ of 



its boiiUng point to that of trtanimn tetca- 
t^loride, cannot be s^arated therefiroxn "by 45 
fractional distilation' *is vanadhiDi chloride,- 
Vanadium chloride is prosent in sub^ 
stantiaHy all crude tft^nhiTa tetraahlodde. 
condensate and cozzi|irises a major portion 
of the ixfmuiities 'in- th& condensate and 50 
hence is chiefly responsible for the yellowish 
colour of crude titanium tetrachloride. By 
way of example, a typical crude ^tanrnm 
tetrachloride may comjose from 0'25 to 
0-35% vanadium based on the w<aght <rf55 
the titanium tetcachloride the other impuri- 
ties bemg present in relatLycJy sxasJl amounts 
such as, for example, from O04 to 0-2% 
silica, from 0-02 to 0-025% alumina^ . -Eroni' 
0-01 to- 0-02% niobium and from 0-05 ta^D 
0-08% tm^t^ 

"Whilz it has ibeen proposed heretafcss ta 
purify erode tltaniam tetirachloxide ^isd other 
similar tetrahalides by treatment with suoh 
materials as hydrogen sulphide^ silica g^65 
carbon, salts of the heayy metals, soya bean 
oil and art gum« such methods have beeix 
characterized by the formatiOT. of residues, 
which have been. Esther insoh^le or remov- 
able from the still bottoms only with the 70 
greatest difficulty. As a consequence th» 
adaptation to commeixaal produetiaa of 
pdor methods for purifying erode titanium 
tetrachloride have been attended by much 
difficulty and high cosL 75 

An object of the mventioa is, thearefore/ 
to provide a stgpeidor method iat: purifying 
crude titaxdsm tetrachlonde which is con- 
vemeni^ economicail and adapted to comr 
mea^cial production. 80 ' 

A still further object of t^e iitventiQa is 
to provide a superi<^r method for rerooviog 
a major pOiCtion of the impudttes fircm crude 
titanium tetrachloride in a manner such that 
no polymerization occurs and the residue 85 
formed may be readily removed from tioie 
stQL 
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According to tile present invention there 
is provided a process for purifying crude 
t rtanfm n tetracnloiide to reniove a major 
portioiL ot the impnrities therefrom whicli 
5 compiises reflimng the crude titaniuni t^^tra- 
chloridB in the -presence of animal waxes in 
tiLs ppQ-pordm of iiDt more than 0-2% based 
OIL tlie weight of the. crude titanium 
totcachloiidew 
10 As ^ vsed hereaa ' the tejzn ajitmal wax 
spmethnes lierstnafter refeaxed to as a 
purifying a^ent, lias reference to a specific 
group of waxes ipidentified ia lie. Table of 
ConstaiifH of "Fats, Oils aftd 'S^/kscs on page 
. 15 67S of Lang'^s Handbook of Chejoistry, 
5"tli Bdition, pubEshed by the Hajodbook 
publishers^ Inc.:, naooaely : 

Spermaceti. . 
20 Beeswax. 

. Xhe animal waxes have been found to 
seirve as a hi^y satisf aqtoiy purifying agent 
for cmdo titnTrfcm tetrachloride; ^nd to 
iform. A non-polymerized residue. 
25 The treaimpjxt of crude titanium tetra- 
cihlojdd^ by wliich is meaait a liquid titanium 
tetCcichl^de containiiig iinpnxities such for 
exaoiple vaaiadiurcu silica, alumina, 
idobium and tungsten, with the ar\mai 
3Qmay be earned ou£> in apy coav^ueat 
manner yvbadh wiH ensure the regiiired mli- ' 
macy pf contact betwem the crude tifctiitiTm 
tetrachloride and the purifyfaig agent. Pre- 
ferably the pinificatian treatment i& carried 
35 out 5a a purification tmit comprising, for 
' example, a. stIR bavhag a ^actionating 
col TTmti » a. reflux retum and a condenser, by " 
licatx»g the <a:Tide titanium tetrachloride witih 
an ATiimal w-aa: in -die still to a temperatme 
40 and fOT- a. period <?f time such that sub- 
stantially all of the titanium tetrachloride ia 
caixjolatiiig as vapour throng the fractionat- 
ing colmmi and rcfiuz: return, and thereafter 
aHowing the yajw^iir to pass to the condenser 
45 ixi winch the licaimmL tefxachloiido will be 
(xmdtsnSGFd and coilcoted ^ a wateor-wMte 

- liquid, ^ The Iieatiag <jf the liquids' aT^d re- 
circulaiioaa; of the vapour is sometimes iere- 
inafter referred to as refluxing, 

50 The residu^i which forms in the bottom 
of the stili is ^eaeralljr a relatively hard 
granular sufcstance which may he. readily 
removed from the still and wlddi, before 
bcimg washed, has been ide[ittified by X-ray 

55 patterns ^ comprising a mixtnxe of rutfle, 
anAtase> free carbon, and impurities the 
prm c fp le one of which, is vanadium. 
. The aforesaid 'relatively hard granular 
leaidue comprises titanium diojdde, vanad^ 

60 iuxa* -and aniajl amounts of silica, alumina, 
tnngs M n, niobium and other impinities the 

- -vanadiom Jbeing in the toim of VC1« and/or 
VOCla wiridi may be recovered ^om the 
iKidue by water leacfinjg. It Itas been ob- 

€5 served that 4ihe Tanadnon content o£ crude 



liquid titanium tetrachloride may be reduced 
by. the process of this invention from aboiit • 
0*35 % by weight of titanium tetcachloride as 
foiiiid in crude titanium tetrachloride to 
about OOOOl % , the purified liquid titanium 70 
tetracMoride being water-white. 

The tcna water-white'* is used herein to 
denote- a substantially pure ritaninm tetra- 
chlcffide condensate. In particular a titan^ 
inm tetrachloride condensate purified by the 75 
process of this invention &ad defined as 
water-white is one having -a major portion 
of its impurities removed i.e. the maxiimim ' 
vanadium' content is in, the range of £rom 
aibout O-OOOl % to 0-0003 % by weight of the 80 
titanium tetrachloride, the remaining impuri- 
ties in the titanium tetrachloride condensate 
being jaresent in" such smaH quantities as " 
to be nmoeuousL 

The time and texorperatore of treatment is S5 
dependent to some extent npon the amount 
of impnrities in the crude titanimn tetra- 
chloride and Upon the amount of the puri^- 
injg a^ent used to remove the impurities from 
the titanium tetrachloride. Moreovcx; the 90 
amount of the purifying agent used is,!^^!^; 
dcptmdent upon the amount of impuritie;? and 
in particular the amount of vanadium 
present ia the crude titanimn tetrachloride. 

In carrying cut the treatment of the crude 95 - 
titanium tetrachloride, the anhnal wax is 
usually added to crude titanium tetrachloride 
at sub$tantially room tempciatnre whereupon 
the mixture is heated to a temperature of 
from 134"C to ISS'C for a periad^of time, 100 
generally- in the .ndlghbourhood of kborut 2 
hours^ afier which the titaninm tetraehloride 
vapours are condensed to fopn substantially 
water»wMte titanium tetrachloride The 
length of time necessary for defective treat- 105 
ment of the crude liquid titaninm tetra/- 
cihloride wies inversely with the amount of 
animal wax added to the crude trtanium 
tetrachloride. For ^sconomircal reasons a 
minimum amount of animal v?rax for effect- 110 
ing substantially complete purification of the 
cmde titaniora tetrachloride is preferred and 
where a TniniTmTm amount of animal wax is " 
added sack as, foi jexample^ sufbstantiaJly 
0-1% based on the weight of the ^de 115 
titanium tetrachloride tibie time requixed 
for refluxing the mixture of exude titan- 
ium tetrachloride ^d the animal wax' 
is abont 2 homs. Hopwever, it has 
been observed that when the amount I20 
of animal waxes is substantially 0*2% tiien 
the reflux 'time is, a;bout 1 hour. In short as 
the amount of pmdfying compound, ndded to 
the crude trtEinium tetrachloride is increased 
the time required for refluxmg -tfxo admixture 125 
of exude titanimn tetrachloride and the 
purifying componnd is decreased. 

Following is a description by way of 
^amjple of methods of cauyiug ihe inven- 
tion mto effect. 130 
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Example 

O'l part of wool fat was added to 100 
parts of crude titanium tetrachloride at siib- 
stantially room temperanire, refluxed at a 
5 temperature of about 136 °C for a period 
• of 2 Jboiirs, and <Jistiill<id to yield a cdear 
watex-wliitt titaxumu tetracMoxide, 

By the process of this inventioi). crude 
titaniiim tetrachlozide^ comprising impurities 
10 the major portion of which is vanadium may 
.(be purified by refiuxing the titanium tetra- 
dhlorido in the wcstaot of an animal wax 
wherein' a relatively small quantity o£ tlie 
aninial wax is ret^uired and a substantially 
IS pur« water-white tltaaiuixi teirachloride con- 
' 'deosate is produced in an eoonomical^ con- 
vauient and commejpdaHy practical manner. 

What we <daam k : 

1. A process for purifying crude titanium 
20 tetrachloride to remove a major portion of • 

title xmpoirities therefrom which comprises 
reflnxmg the, -crude titianium tetrachloride 
in the presence at animal" washes in tiie pro- 
partioa of no more than 0-2% bastai on 
25 the weight of ihe crude titanium tetra^' 
.-chloride". 

2. A process a^ daimed in claim 1 wherein 
the impuiliies comprise vanadium* a mix^ 
ture is formed of the crude ritaaium tetra- 



chloride and the ^mhnal waxes and the mix- 30' 
ture is refluxed at a temperature acd for a 
period of time sufficient to produce a. water- 
white titanium ffcetracMoiide condenaate, 

3. A process -as olaimed in either of the 
preceding daims wherein the animal wax is 35 
spoimaceti. 

4. A p£!Ocess as claimed in olaim 1 oar 
claim 2 wherein the animal wax is bees- 
wax. 

5. A process as claimed in claim -1 or 40 
claim 2 wherein the animal wax is wooLfat, 

6. A process as claimed in any coe of the 
preceding claims wherein th& proportion of 
animal waxes is substantially 0*1% based 
on the weight ofcrud© titaniimi tetrar 45 
chloridew 

7. A process as claimed in any one of the 
preceding cdaims wharein the mixture is 
refluxed at a temperature cf appco^omateiy 
136"C. for a period of approxinlatoly 50 
2 hours. 

8. A process for purifying cnidc titanimn 
tetrachloride substantially aa descnbed witli 
jreference to the specific eKample hei^eiix- 
befoce 5et forth. 55 

BOTJLT, WADE & TSNNANT, 
111 & 112, Hatton Garden. London, B.CX, 
Chartered Patent Agents. 



Pnnted Sy Hex MaiesTy*s StaJionftry Office J?rcss, 55-^, Drury Lane, — 1956 
puUishBd at the Patent Office, 25, Somhampton BuiidinB?. London, W.C^ irom which copies 

iXufty bs obtained 
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COMPLETE SPECIFICATION. 
Process for the purification t/taniuni tefrocbloride.' 



[be following statement is a fall description 
ihis invcndon, including the best method of 
forming it known to us: 

Lis known to purify liquid titanium tetra* 
jride containing vanadiuna as acx inipuriry 
heating the tetrachloride with a small pro- 
lioa of an otisanic material (^ee, for 
mple. United States Specifications Nos. 
)0,538 and :2,592,02l and British Specifics* 
No. 656,098). The organic materials 
1 are those which are capable of utider- 
ig carbonisation, probably preceded by 
'merisatioD, ia the presence of the titanium 
idilorlde under the coadyitiQiis used, for 
nple, when the impure titanium tetra^ 
•ride and the organic material are heated 
r above the boiling point of titanium tetra- 
rlde. The vanadium impurity and, when 
cor, certain other metallic impurities, for 
nple, iron and chromium, are talcen up 
ifie 'soh'd products^ of carbonisation, and 
removed by separating the solid carbonisa- 
products from the hquid titanrnm tetrn-. 
fide, for example, . by dfsiilllng off the 
ichloride or by filtration or centrifuging. 
J 

22/1/59.— 95. 



Organic materials that carbonise slowly, for 
example, saturated aliphatic hydrocarbons, 
such as liquid paraffin, arfe satisfactory as 
purifying agents only at temperatures above 
the boiling point of titanium tetrachloride or 
if a /rixturc of liquid titanium tetrachloride 
and the organic material is boiled under reflux 
for several hours. More readily carbonisabJe 
materials, such as vegetable oils or mineral 
oils containing unsaturated hydrocarbons, have 

greater purifying power, but they tend to 
coniaminate the purifieci product with organic 
substances which subsequently impart a dark 
colour to the product when it is distilled. 
Such contamination is undesirable for some 
purposes for which the titanium texrachloride 
is to be used, for esample, for the manufacture 
of titanium metaj. 

The present invention provides a process 
for the purification of tftanlum tetrachloride 
containing vanadium as an impurity, wherein 
the impure Uquid thanium tetrachloride is 
heated with a small proportion of a carbonis- 
able organic material in the presence of a 
proportion of finely divided metallic sodium 
2 



iii 



I i: 
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amountm" to about 5 to 50 per cent, cwl- mnlciids having aa iodine value not exceed^ 

culated on the wcighl of th^ organic materia! ing 25. Such dfganic matenab are minaraJ 

to bring about carbonisation of the. organic oils, such as cinide petroleum oil or petroleum 

iiiuterial and the purified titanium ' tetra- distiUates, which are saturated or have a con- 

chloride' is separated from the solid carbonisa- leot of unsaturated compounds such thai Uieir 

tton products, containing the impurities. '^^'^^ "'^^ Ahcm«. 



Tbe presence of the finely divided metallic 
sodium has the eSect of acceleradng the puri- 
fying, action of the organic material, «nd 
therefore enables the thi'OU&hpul of tituniujn 
tetrachloride to be purified to be iacreascd 
and/ or the proportion of the organic 
material, and consequently >che amoont ol 
waste residue for" disposal, to be deci'eased. 
MoxEQver, the <>xtent to which the purified 
titaniwn tetrachloride is contaminated with 
organic matter can be reduced by using 
organic jmateriaJs ' that carbonise slowly i\rt<l 
without the long reaction periods that sucU 
materials normally require. Forth eniaorc, 
the quantity of certain other impurities in the 
linal product, such as free chlorine and hydro- 
gen chloride, is less since the sodium reacts 
with them. 

The temperature at which, the titanium teti-a- 
ohloride is heated wit^ the organic material 
and the metallic sodium is preferably at leas: 
100*C. The heating may be carried out 
under atmospheric pressure or a higher o 
lower pressure. AdVftntageously, the titaniu fi^ 
tetracWoride is heated in the liquid state with 
the orgTipic iTiaterlal and the metallic sodium 
under atmospheric pressiure at a lemperature 
within the range of 100' C. up to the boiling 
temperature of titanium tetrachloride, viz 
136" C. A convenient rafthod Is to boil tha 
titanium letraChlodde under reflux in the 
presence of the organic material and metallic 
sodium. Any OJfganic material capable oi 
undergoing carbonisation when heated in 
liquid titaoiuxn 'tetrachloride may be used, 
for example, the materials used in the known 
processes referred to above. The proportion 
of the organic material is advantageously 
within the range of 0.1 to 1.0 per cent- cal- 
culated on the weight of the titanium tetra- 
chloride to be purified. The organic material 
is advantageously one which, when used 
alone, is slowly carbonisable, since such 
materials are generally less costly than the 
more reactive materials and so greater benefit 
is derived from the accelerating action of the 
finely divided metallic sodhmi. As slowly 
carbonisable materials there are' meani 
carbonisable saturated or unsaturated organic 
3 



iodine value does not exceed 25. Alterna- 
tively, d^ere may be used vegetable or nnimal 
oils, fate or waxes, vt^hlcb do not exceed the 
aforesaid degree of unsaturation. The iodine 
values referred to herein are those determined 
by the iodine monochloride method descrlljeil 
in the British Pharmacopaeia, 1953, pages 
754-755, 

' it h^s been found, for example^ that Clic 
presence o^ finely dispersed metallic sodium 
in a mineral oil jn a proportion amounting io 
20 per cent, of the weight of the oU decreases 
the period of the pudficatioa. treatiTient by at 
least 50 per cent, as compared with the period 
required for purification wjlth the mineral oil 
alone. 

The Rnely divided metallic sodium prefer- 
ably has a particle size, not exceeding \50 
microns. It is advantageously used In the 
form of a dispersion in an organic liquitl 
Such dispersions and methods of preparing 
them ,are known, see for example, United 
States Specifications Nos. 2,394,608, 2,487,333 
and 2,467,334. When the organic dispersing 
medium is capable of undergoing carbonisa- 
tioa when heated in liquid dtanium tetra- 
chloride, £15 in The case of a mineral oil, it 
may also serve as thi5 carbofiisable orgnnjv 
mateHal used in the present process. 

Titanium tetrachloride which has been 
purified by the process of this invendon ij 
very suitable for the manufacture of tltanjum 
dioxide or metallic ticanjum or -organic com^ 
pounds of titanium, and aa a catalyst in various, 
processes for polymerising organic conir 
pounds. 

Example illustrates the 



The following 
inveiiuon: 



100 parts . by weight of crude liquid 
litanium tetrachloride containing 0.052 jpetl^ 
cent, of vanadium (calculated as v/ere.^ 
heated at the boil under reflux with 0.14 pari 
by weight of the mineral lubricating oU liav^ jj. 
ing an iodme number of 12, and Icnown Jn'^' 
commerce aa " Vitrea 69 " CRegistered TTadej 
Mark), In which oil 0.04 part by weight of 
'metallic sodium had been finely dispersed in 
the form of particles of less than 15.0 microni 
by agitating molten sodium with the hot oil 
4 
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>y means of a high apeed stirring device. 
The refluxjag was coatinued uatil Vanadium 
:ouId no longer be detected in the vapour 
ibove the boiling liquid. The titanium tetra- 
.'bioride was then distilled off and collected. 
The pLirified product contained less than 
:.5 X JO-'"' per cent, of vanadium (calculated 
^ V^O;;). The refluxing period was 50 
ninute^. 

The above procedure was repeated wirhout 
he addition of the sodium, and in this case 
. reftiuiiig period of 135 ojinutes was required 
o achieve the same degree of purity. 

The procedure described in the ^rsi para- 
:raph of the above Example was repealed 
Without the additioa of the lubricating oil» 
nd wf^h 0.04 part by weight of metallic 
odium Alone. The metallic sodium was used 
n the form of a coating on the pavticles of 

di'y inert powder. ' The purification was not 
oinplece after refluTcing tov five hours. 

It was also found that traces of impurities, 
ueh as chJonne and hydrogen chloride, which 
/ere present in some samples of titnnumi 
clnichloride purified by refluxing with tiw 
ubrlcatirs oil alone, were not present in the 
amples purified in the presence of the dis- 
lersion of sodium zn the mineral oil. 

The claims defining the invention are as 
ollows; 

I. A process for the purification of liianium 
etrachloiide containing vanadium as an 
mpurity, wherein the impure titanium Cetru- 
hloride is heated with a small proportion of 

carbonisable organic material in the presence 
»f a proportion of finely divided metallic 
odium amounting to about 5 to 50 per cent. 
aLcuIated on the weight of the organic 
Aaterial to bring about carbonisation of the 
>rganic mareria),. and the purified titanium 
etrachloride is separated from the solid 
arbonjsation products. (25th September. 
956.) 

5 



2. A process as claimed in Claim 1, whereijl 
the impure litaniunj t<Jtrachloride is heated 
with the organic material and the metallic 
sodium at a cemperature of at least 100* C 
(25th September, 1956.) 

3. A process as claimed in Claim 1 or 2, 
wherein the proportion of the organic material 
is widiin the range of 0.1 to 1.0 per ceax- 
calculated on the weight of the impure 
titanium tetrachloride. (25th September, 
1956.) 

4. A process as claimed hi Claim 1^ 2 or 3, 
wherein the organic material is a carbonisable 
saCurated or unsaturated organic materiaJ 
having an iodine value not exceeding 25. 
(25th September, 1956.) 

Ss A process as claimed in CJl^m 4. wherein 
the said organic mateiial is a mineral oil. 
(25th September, 1956-} 

6. A process as claimed in Claim 4, wherein 
the said organic material is 'a vegetable ' or 
animal, oil, fat or wax. (25th September, 
1956.) 

7. A process as claimed in any one of 
* Chums 1-6, whei^eiu the finely divided 

metallic sodium has a particle size not e?f;ceed-- 
ing 150 microns. (25Th September, 1956.) 

8. A process as claimed in any one of 
Claims 1-7, wherein the finely divided metallic 
.■^odiilm is used in the form of a dispersion of 
the latter in an organic liquid. C5th Sep- 
tember, 1956.) 

9. A process as claimed in any one of 
Claims 3-8, wherein the impure titanium tetra- 
chloride is heated in the liquid state with the 
organic material and the metallic sodium 
under atmospheric pressure at a temperature 
within the range of 100' C, to 136" C. (25th 
September, 1956.) 

10. - A process for the purification of 
fitaniom tetrachloride as claimed in Claim 1 • 
and conducted substantially as described in 
ths Exaiuple herein. (25th September, 1956.) 

6 
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PROCESS 3?OR CONTROLLING THE 
PASSIWION OFALt)MINUM[ CHLORIDE 
FORMED IN XHE CHLORINAnON OF 
TnANIUM^ONtAINING ORES 

BACKGROUND OF TOE INVENTION 

[0001] Jia ttie prodactioxi of dianittm ictrAchloiidc^ raw 
mafciials, including ilmenite or iuIlLc ores or ether ut^nimxi' 
lich materials 5adi a£ tho$e obUzncd from bendficiaii^ 
these ores, are reacted with chloimc under reducing concU* 
tiojDs to yield a mixuire of metal cfalofides &om which 
dtaoiiira letcachloddc may be recovered. 

[0002] Aluzuiniim chloride is present In the chlorinaLiaxi 
product of practically evciy case wbere alumimim Cdm- 
pamids are pioscni in the raw m&ierials. Aluminum chloride 
present in the erode ntamum lelracfaloridc 19 a highly cor- 
rosive matcrifll. It both quickly and severely attacks the 
fiaeiAl juafcciial& of consmiction in the purification systems. 

[0003J Prior has laiight methods by which alumimiai 
cMoridc prcscm in ihe crude ^Laoivm tctnchloKide may be 
pasaivaied^ meaniog th6 aluminum chloride is ooiiviKled to 
a less corrosive or aoo-corrorfve compound. 

• [00n4] U.S, Pat. No. 2,600^81 10 Kay and Rick teaches 
the addition of water to the crude tStanium teixacbloridc. 
Accsoiding to this patent, water i$ added in an amount that is 
suilijcacnt to react with only the aluminum chloride present 
in the crude tftanium tetrachknide. Water reacts with the 
Aluminuin ddodde and couveri& it s ]e€9 volatUe, oon- 
cornwxvQ hydrate or oxyeUoiidc. Although tixis paient 
tcaciie^ a method of passfvaliDg Cbe ahuniiixmi ddori^ 
there coniinTiBd bo be a major disadviiniagje. 7i water was 
added in excess of that amoimt just sufficient Ui lemovc ttic 
aluminum chloxidc, the excess water reacted with (he tita- 
nium i^tiachloridc converting it to hydiolysK products 
resTiliing £a losses of titanium value. Uns patent o^lered no 
teacbing or suggestion as to how 10 avoid the addition of 
exce£S .Wilier or how to aocommodate the vanatiozis in 

aliiTwinnwi chloride QOintBDt of CTUde H^aw^iiw* letcadbloride 

ftai may be e^Qjcricnced in a oontiinious industrial process. 

[0005] It was reported in U.S. Pat. No- 4,125^86 10 
Glacser thai 10 sncoefisfuUy app]y the method taught in 
Pat. No. 2,600^1 on a coznmexvaal scale required that at 
least 10% excess water 1^ added in order to efiecti'vely 
passi^ate the aluminum chloxidA^ As an impiovemetnt to 
reduce, losses of tiianimn value, U.S. Pat. No. 4,125^86 
taught that loss in litasium vahic could be essentially 
eliminaiesd by adding a mixture of water and sqdium chlo- 
ride to the cTudc titanium teurachloride. The water addition 
was made in aa amount less than that needed to doirveit all 
th6 alunnnmn chloddc present to aluminum cxychloridcj but 
the sum of the mtal amounts of water and sodinm chloride 
added was in excess of that amount needed 10 feaet with the 
ahixzunum chloride presezii. 

[OOOq WhUe U.S- PaU No, 4^25^86 was ao inxprove- 
xucpi, dicpe was still the need to have a method that could 
coninol paesivatioo of aluminum chloride present in the 
cDide titanium tetcachlorido at a pioooss aim point reducing 
both the losses of dtunnm value and the cortosioo. 

[0007] U.S. PaL No. 4,070,252 to Bonsacfc leachefi a 
method for separating niohiun> and/or tantaltmi chlorides 
firom a liquid crude ihaniam leiiachloride vehicle by adding 



water to the coide ixtanimxi teirachloride vehicle in a portion 
not substantially atxyve 1 mole per mole of these c^rides. 
Bonsack teaches thai ihe addition of water in Ins process 
may be made bcfoirc or afier the chloriDation reaction. 

[000&] EvcsD JO view of the le schings of Ihe an ciicd above, 
an accurate^ in-pxoeess control method was needed that 
could respozul lo the demands of comumous plant operation 
"where there a^ varifl lions in the aluminum chloride oootent 
of the cmdc titanium tctracbZoride due 10 (1) variations in the 
tinifoimity in the distributLOn of ibe aluminum cootaiidng 
minerals in the ore being processed; (2) variaiions in the rate 
at ^xrhich ore is processed; (3) variations in aluminum 
content one ore source to another; (4) variation in the 
OQDtenC of mineral species other than those oontaimng 
ahuninum and ntanium thai consnme the passivating agent; 
and (5) vaiiaiion in the amount of aluminum chloride 
removed with any initial separation of faigbegr boiling motal 
chloride^ from the product Ti'tJTrTium tetrachloride vapor. 

SUMMAKST OF TOE INVENTION 
[OOOSTj Ad in-process, teal time control loop capable of 

the chlotinadon of titamnm-containing ores by mointaiing' 
litaniuizi. oxy£hIorid& presem in passivaied crude titanium 
tetrachloride oomprisiDg the steps: 

[0010] (a) tapidly mfring xnio a cfalorihiaor discharge 
stream, where the stiearo comprises piedozninately 
vapor in the presence of liquid mist and solids^ an 
ahumnnm chloride-passivating agent to form in the 
process stream an essentially non-coiro&ive alumi- 
Dnm containing compound, and Eiiamnin o^cyddo- 
tide; 

[OOU] (b) measnring in-process the conocmration of 
titanium oxycbloride in the chtorinator dischiizge 
stream or in the crude titanium tetrachloride. 

[0012] (c) comparing the measured concentrafilon of 
rifarriTirn oxychlorjde to that of an aim point oonoen- 
nation of titanium oxychloride; and 

[0013] (d) adjusting the rate of addition of the alu- 
nmmm chloride-pas^aiing agent to restore or main- 
tain the concenixatioo of litanitim oicychknidc at the 
aim point. 

[0014] The aliimimim cfaloride-passivating agent is 
selected from the groirp consisting of water, water contain- 
ing soliitioas, water cODtaioing mixhues, and carboxyHc 
acids. 

[0015] In the presem process it isprcfecrcd to measure the 
concentration of tnanium oxychlOTzde by an optical method 
selected from the group consisiiug of tmnsmissian filter 
Infrared spectroscopy, zransmission Fourier Tran^fonn 
Inifrazed spectroscopy, Raman ^ectroscopy. Attenuated 
Ibtal Reflectance In&oced i^ectxoscqpy, and Attenuated 
Ibtal Reflectance Fourier Traosfoim lofraied spectroscopy. 

[0016] It is also preferred Lbal the meB^tircmcnt of the 
concentration of dianium oxyx:hloride be made in a fre- 
quency range of &om 600 to 2000 cm"^. 

[0017] It x£ most preferred that the concentration of tita- 
xrium oxychloride is measured by diamond based Attenuated 
Toul Refleciaooe Fouxier lYansfoim Infiaicd at a frcqnency 
of about 820 cm~^. 
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BRIEF DESCRXPTTON OF THE DRAWING 
[0018] The FIGURE flbsaaies a eemm?] loop of tbo 

DETAILED DESCRIFIION 

[0019] The prcseot inveniion is a process control loop 
^p^blc of conttoHing, at An sdm point, this passivation of 
<U[mDiDum chlonde present in the cbloriiiaiOT discharge 
STieam in a proodss for makmg titanium leixRchloride. The 
phrase passtvation of aluminum chloride as used herein 
meanfi that (he aluminum cfaloddc is convened to a le£$ 
oonosLve or non-coxrosive compound The term "read-lime" 
means achial Uidc when the passivation is teikiDg place in the 
processw TKni«, ihe in-prooess, real^tiaie ooiUirol loop of the 
preseiu inventioD provides a way Id aocnratiely passivaie tbe 
corrosive almmnum chloztde wiihoui the addition of water 
or asodier passivating agent in ezce$j^ o( that which is 
acmally required lo react with the ahmmuim rMnri/iPt 
present ai de^^^cd point of passivation. 

[0020] ThCr present process requires the addition of tbe 
pdsspraiing agent into a chlodnaior diachu]g!e stream where 
the stream coiopiises ptedominalely vapor along with liquid 
mi$i and solids, li is in this point of ttic process where 
miziDg is rapid and the de&ired product sclcctiviiy can be 
achieved. IX, the addidon of the passivailon a^nt, particu- 
larly water, were made before the chloodnaiion rBacdoo, as is 
lau^t izx BoDsaclc, the water would leact with (he chlorine 
and colo& to produce hydrogen chkmde gas and caibon 
dioxide deatioyiiig the agenu Under Oiese oondiliocs. alu- 
minum ehloetde fonned in (foe dilonnator would k^nre the 
chlozmalor as an active (uxq^assivuted) agcnl o«Tiq»*»0 senous 
oonosion of equipment. 

[Q02X] On Ifae othei band, addition of the pas^aiion agcnl 
down siream and into the chlozinarar disdharge where Ihc 
product stream is predominately liquid may irreversibly 
produce tiianium dioxide. This producdoa of titanium diox- 
ide represents a sejioos yield loss since it is soparazed from 
the tiiaminn Leir&cfaloiide product stream along with coke 
and other waste produ^ solids. 

[0022] In the present invention, tbe paini of addition of the 
pasfiivalion agent into the flow of the chlozjnalor product 
stream is optimized for (1) the induction and eHminaCioo of 
oonosion fiom active aluninum chloride, (1) tninimal yield 
lo2^5 of titsoiiDmiGtraGblodde, and(3)in aprooessstic^ 
in real-time. 

[0023] The inventors in the present process have found 
that long exposure of titanuim oxychloride in tbe hquid 
titanium leirachlDnde under oooditions^ as is su^^tsi^d by 
Bonsadc and in the article by N. KL Druzbinina entitled 
Soma Smdifls of the AlOa— HO^ — H-O System in TrVs6&. 
IssledAiywiuii^Miipuevyi Inst, no. 50:147-52(1963), pio- 
duoe an inactive fituoium os^chloiide polymec. Thai is* a 
polymer fozm of diazuum ozychloiide thai does not back 
i«ac1 according (o the aoecptcd reaction sequence eojch as is 
the sequence presented in Bonsack col. 2. The presence of 
this tiianinm oxycbloride polymer will lead to a felse 
indication in the measuring scheme of the pr&sent inventjoou 
That is, in&ared spectra would record the presence of the 
titanium oxychloride polymer sp<icies at 820 cm'\ while 
alutmnum ohlozldc is stiU present as an unpasaified species 
in the product stream. 



[0024] Id the present process tbe alumimun chlonde is 
made non-ooiiosivo by zeaozag tbe aluminum cshloiide 
OQctaining crude txtanium teh-adiloxidB with an i*1iiiwinnm 
chlonde-pas&ivating agenL Tbe term aluminum chloride- 
passiva.tiQg ag«m as used herein means an agent that reacts 
with ibe alMoxLomm chloride to form a n<iD-corrosivc or 
essentially non-cozrosive aluminuxn containing compound 
and also results in ihe production of titanium oxychloride. 
Passivating agents include water, water sohitions, water 
containing mixmres, and carboxylic adds. For example, 
water sohiiions of sodium chlotidb or sodium hydroxide or 
water solutions or mixtures coniaining carboxyHc acids arc 
suitable as pa^'vatxng agents for tbe aluminum chloride. 

[0025] Although chemical thecjry oilers some guidance in 
Hie fie]eouon of an alumiimm cbloride-pa$5tivating agent, one 
may acreen passivating agents by adding tbe material in 
quieelion, alone or as a solution or znixun-e in waxeri to 
tiianiuxo tetrachloride containing a known amount of alu- 
minum chloiide to form a treated sample. The concentration 
of aluminum chloride in the treated sample is then measured 
to determine the amount of alumiimm cMoride that hai; 
reacted and the amount of titanium oxychloride formed. The 
reduction in corrosion i& determined by comparing the 
corrosion of Che treated sample to Qiat of a control usii^ 
metal cottons. Stleciion of a passivating agent may also 
requife snch consideradoiis as cost and the m&tezial'^ overall 
aoceptabiliiy for an induslrial process. 

[O026] Water >$ roost piefeired as a passivating agent in 
the present process. Witer ablutions or miyturea may be used 
as passivating acfeais even if the matariak oiber than the 
water show no reactivity towards the ahiminiiTn chloride. To 
reaicee (he foil potential of th^ present invention, it is dear 
that one must avoid the use of a material that causes 
instability (reaction to le^fonn aluminum chloride) in the 
non-coxro&ive aluminum compound formed, that uncontrol- 
lably depletes the titaninm vahie of the cTude tttaniimi 
letrarhlorirtft, or produces solid deposits on equipment sur- 
faces. 

[0027] The presem inveniion is designed £br use in-pro- 
cess. In the present control loop, it is prefemd lo place the 
addition of the alumiaimi cfaloride-passivaiing agent near 
the point of titanium tetrachloride condensaiion where the 
product titanium tetrachloride and other rpetal chtoddes arc 
a ml^toie of vapor and liquid mist. Addition of the passi- 
vating agent at this point in Ihe reaction both minuooises 
yield losses ^e to tbe £oma aiion of ilianium dio)dde and the 
fonnfltion of oon-ieactive poljrmer forms of HOCl^. 

[002^ Although the mc^uudsmofilieieacilon is not fully 
Unde [Stood, the inventots have found that aTiiffrimirn dUo** 
ride is pasdvatcd and the caaent of the passtvation is 
indirectly indicaDed, and may be controlled by the monitor- 
ing ihe formation of titanium oxy^iloride. The inventors 
have found that when the aluminum chloride-passivation 
leaciion is carried out in a vapor/liquid mist-coniaining; 
pbii^e with rapid mixing^ the passivation raie is rapid — in 
fact, only limited by the rate of mass transfer— and the 
fonnatfon of titamnm dioxide is avoided. Hianium oxydilo- 
ridc formed is a leactive species itot apeisisteiiit species as 
long as aluminum chloride is, presem in the titanium tetra- 
chloride. 

[]0029J Tbe t/^rm chlorinalor discharge stream means the 
pioduci stream of lha chlormaTOr as tbe atreama leaves the 
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chloriaaior ^nd cdI&zs iaio the tiLanimzi leUia copdc^scsation 
sccxiaii of ihe prot^ss. This term also inchwies k piocess 
Biioom from ibe chlorinaicir wbctc there has been Some 
initial condenfiition of the higher bofliDg metal cbl^iides 
such as iron chJcxridc. The essential Jfc*tuic of the pittsejcit 
ravcntion is thai the addifion of the passivatn^ agcm is made 
where the physScaJ stale of the chlorinaior discharge stream 
is predoimnaicly -vapor in ihe pre^Doc of liquid *^ i^t aod 
solids. 

[0030] Under conditions other tbao those of the preseai 
invcndon, yield losses due to the foanatron of tiiaiiiuiii 
dioxide, aqd excess titanium oxychloridc are much greater, 
and at the sazue time thece Is no assurance that the alnminnm 
chloride has been passiv^ed svocc such conditions caii«e the 
ft^caaciOD of a non-ieadive tiiainum oxychloxide {^lyoier 
speejes. IJiider the teactioa conditions of the piefient invco- ' 
non, rcgaxdicGs of the aoioimL of impiuime& ihai cansume 
passivattng ngexki, as long as TiOCU is jdetccted^ all of tbe 
Aia^ hA& been passivated. 

[O03I] According to tbc process of the ptt&cnt invcmdon, 
ibe presence of tii^um oEcychloride in the pxoggsb sfaream 
indiea(e$ that the ahiminom cfaloride has bi^n passivaled. 
Since titamnm oxychloridc is solnble in rir^-tnm tetradilo- 
nde at the pzoccas cooditfous that exist in the piesent 
' ptoocss, the conoentraiion of titianimn oxychloride provides 
B means both to monibor and to control ai*^mnvm chloride 
passivation by io-proccss measurement. 

||<IQ3Z] The fcxmation of tftaoiun] oxychloride representji a 
loss of titanium vahie; but ^solubility and deieciabiliiy of Ubds 
oxychloride provide a mefiss lo control the addiiion of tt^aicr 
or another ahiTm'mim ohjtoridc-piussxvftting agem to aja 
amount that is ooiy miziimally above that required ixi react 
with ttie «lumdzium cidoride. The presence and concentration 
of ti t amwn axydilonde may be npeasmed by use of traxffi- 
mzfisipD filter Hofraied spectroscopy; transmiGsion Fourier 
Trzicsfbnn Infrared spectroscopy, Raman Epectroscopy, i^T^ d 
Atlejiuaied Ibtal Refioctance Infrared spectroscopy, and 
Anenuated Total R^ectance Fourier Transfbnn lofiared 
speciitiseopy in afireguency range offiom 800 lo 2000 cm"^. 

[0033] In the raw pn>oess stieam fiozn a cMarinato^ for 
exaniple> as much as 10% by ve^t of the material may be 
particulate material that scanecs or abi^ibs lighi. Ii is 
rcoommendcd to usf attenuated reflectance methods I6r 
measuremenls made 00 the i^w process stream wh6re par- 
Ucle concentradons are high. For accuracy and precision, it 
is most preferred to measure ihc piescnoe and the concen^ 
tratidQ of titanium oxychloride by diamond based Atccau' 
ated Tbtal Reflectance Fouler Transfarm Infraicd at ja 
frequency of about S20 cm~^. diamond based artenuated 
refleaanee meajs that the infrared probe or detector placed 
in the process stream has a diamond elemenL Suitable piobe 
unii&include those manufacured by ASI Applied Systems of 
KGUecsvilley Md., Axiom Analytic, Inc. of Irvine^ Calif, and 
others. 

[0094] Hie probe or detector may be located in the imme^ 
diatfi fffdmly of the addition point for the alvminnm chlo- 
ride^passivatmg agent or downstream. Its actual locauon is 
not crMcal as long 68 it is located in an area where ihe 
temperature ensures ibat liiamum oxychloride will be m 
solution. Measurement of the concentration of txionium 
oxychloride may also be made using transmission methods 
following the iidxne fllterieg or sciceniog out of intef&ring 
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partide^. In a case where particle concentrations are less 
than a peicent-or-so in the crude titaniuzo tetrachloride, or 
are due only to the fomsatlon of ihc in^lublc hydrolysiti 
products on addilion of waier or a carbOTcylic acid; the 
presence of particles may be accommodated by the use of 
xmilfiplc scan avei^g;ing techniques. 

[0035] In general the operation of tfae present invention 
may be described toy the ilhuslrated control loop of the 
FIGURE, The control loop conqniEes a coittrol devise, a 
JCeedbadc controller, and an analyzci: The analyzer indudes 
the signal geneirator (frequency range of from 800 to 2000 
cm~^), and detector. The aiialyzer measures ijie concentra- 
tion of liianium oxychloride downslream iram the point of 
addition of the passivating agent. Tbe analytcrprodticcB an 
- output signal representing the xneajsmed ooncentration of 
titanium osrycbloride. This output signal is sent to tbe 
feedbadc codIxdRcd There die oonoeiiiraiioii of the titanium 
okychiorkic measured hy (he analyzer is compaQidUOLfhe 
pzedctcrDuned aim point The fbodback controller, based on 
Chis comparison, provides input to the control device to 
ai^nst the addidon rate of the passivaiing agent to restore or 
maintain the concontraiion of the titarunm ozychloxidc at the 
aim poioL Algorithms used in the analyzer and the feed back 
controller to convert the daiu. oolleclcd to a Gignal outpui are 
not crib'cal. One skilled in this art con select or design an 
algorithm suitable to the ^lecific type of analyzer or feed- 
back controller. Hie control device may be any regulated 
flow device eqiiipped wiib an automatic actuaton Topically 
the control device is a valve. 

[003tf] The present process allows both to mtfttm^^A ih^ 
yield lasA of titanium value while at the same time capirol- 
Hng of the passivation of atuminimi ctiloride. By introducizig 
the passivation ageni into the chlorinaior discharge stream 
where the styeam compd«e« piedominatoly vapor, liquid 
mist and solids one can accuzaiely and effidenUy control &e 
addition of a passivaiing ag«^ in real lime by monitoring tbe, 
concentration of titaiuum oxychloride present in tbe cznde! 
iziajnum lelrachloridc fbnned on tbe addition of the passi-f. 
vating agent. The present comiol loop responds r^idly to ; ' 
variations in the aluminum chloride content of the crude 
titamum tetracbloade indirectly by comparing Che conocn- 
iratiDn of titanium oxychloride present at a certain time with 
the concentration selecied as the aim point It is dcsiiabile to 
set the aim point ai the lowest reliable ooncentratiou of 
titanium oxychloride ibat detmstod by the analydcal detec- 
tion devise used in the control loop- lie rate of addition of 
the passzvatzng ageni is autozaaflcaUy adjn^d to compen- 
sate for any increase or decrease of ihc titanium oxychloride 
that results from the increase or decrease in the aluminum 
chloride present in the cmde titanium tetrachloride. 

[0037] Any suiiablc analytical deieotkm method may be 
used in the present invention. As stated above, it is most 
prcfcncd to monitor at a frequency of $20 cjo~' using the 
Fourier Transform Infrared method. Hds provides t>en5itiY- 
ity and precision for the in^nooest. coeatjuica^ents in tbe 
pic^noe of high ooncenltaliozis of partjclef^ Usttig (his 
technique tiianimn oxychloride in concentrations as low as 
0.1% may be reliably measured. 

[003S] The control loop of the presem inveniion provides 
a means to reduce the addition of water or other passivating 
agenta to an amount minimally in excess of that needed 10 
read with all tbe alumimim chlniide present. Tlte resulting 
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rcductioufi in ctixmrnon and deposition of almnjoiuii com- 
iaimng solids in ihe present process itt equivalent to meth- 
ods of the prior art; yet, at the same time, the present process 
-aDows real iin?c, on-jdm process control with controlled 
addiiion of water or ottxi aluminum <^oride-passivatiDg 
agcai fo snbsiaixtially reduce the loss of titanium value. 

.[0039] The present invemion peovides a loal-dme, in- 
process passivaiiojj control at an aim -paixji. The present 
control loop thai is fast and is respoiMovc to the demands of 
coniinuovs in-prooess operation. ITic control loop responds 
in real-time to control the addition of the passivaiiug agent 
where (here are variationa in the aTnTvtiT^itvw chloride content 
of ihe crude titanium SBirachloride due to (1) variaiions in the 
usiforniity in the distdbutian of the »1«fninii^ containing 
minerals in the ore hciDg processed; (2) variations in ibe rate 
ai which Ore is processed; (3) variations in alumimun 
conient i^um one ore source to another and (4) vau^tion in 
the content of noioeral species other ihan ihose oontaining 
a hiTmrnini and litanium thai consiuie the passivating ageuL 
The present teal-iime control loop combined with the loca- 
tion of the addition of the passvanng agent minimizes both 
the losses of lilaxxmin value from titaDhim tcliachlonde 
leactioa with excess ooncentranons of passfvating agent and 
Icuifies of service time fcom ooirosion of equ^ment and the 
£onmEioxi of nowoDted dcposiis. 

What is claimed i^: 

1. An in-pfoceas, real-time control loop capable of con- 
irolling 11^ paosivadon of ahiniuium diloride fanned in the 
chloiinatioD of pi flr"''*pi-"? T'^''n^^g otss by cniinitDiiiig tita- 
ninm oxycKlande present in passivated cnide ii'iaw^v™ tet- 
xvchloiide comprisxns the siepft: 

(a) rapndly mixipg into a cfalonnaior discbarge stream, 
where the etitsam oompziscs piedQramatjely viqior m the 
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preficncc of liquid mist and solids, an alinnionm chb- 
lide-passivating af^eDi to form in the process stream an 
essentially non-corrosive aluminum containing com- 
I>onnd, and liianitim oxychloridc;" 

(b) measuring in-process ibe coneentrution of titamum 
otyofaloridc in the ehloiixiatior dischvige stream or in 
the crude titanium letrachloridc; 

(c) cott3iparjjig the measured concenirniio^Q of titanium 
OKy^oride to that of an aim point concentration of 
liianium ozychloride; and 

(d) adjusting the rate of addition of the aluminum chlo- 
ride-passivaiing agent to restore or mftifitain the ood'^ 
oentrauon of titamum oxycliloride ax ibe mm poinL 

2. The pioccss of claim 1 wherein ibe alvmimim chlorxde- 
pas^vaiing agent is sdecied lioro the grovp consisting of 
waLei^ water containing solnlions^ water containing mbc- 
Hires, and carbozylic acids. 

3. The process of claim 1 wherein ibe concentration of 
liiamum oxychloridc is measured by an optical method 
selected from the group consisting of transmission Biter 
In&ared spcciroscopy, transmissioo Fourier Transforaa 
Tnfirared specttDscopy, Raman $peciTOi?ccpy, and Attennaied 
Ibtfll Reflectance Lo&aied ^ednncppy, and Attenuated 
Total BcUectannc Fourier Tkansfiorm In&ared spectroscopy. 

4> The process of 3 wherein ibe measurement of the 
oonoentradon of titaximm ootychloiTde is made with in a 
frequency r^ge of tcom SOO to 2000 cm~^. 

S. The process of cdaims 1 or 3 wherein the concentratian 
of titmnnin oxychJoride is measured by diamond based 
Attenuated Total Reflectance Fburier Itesfonm Infrmted at 
a frequency of abonl -820 cm~~^. ' 
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*4 Claims. 

^ I 

This invention relates to th'i^ purificatioii of 
titanium tetrachloride, and more particularly to 
the removal of alumlnitm chioride therfitram. ' . 

TitaulTim tetrachloride is prodnced^ comnier- 
czaUy by chlorinatmg:, und^r* reducing conditioiis, 
titaiu:^eroQ5 ores such xiltile or Hmeinite, ot 
other titojijuni-fich materials such a^ tho^e oh- 
tained hy benefiGjatrng" sucb ores, ^ese' raw 
materials/ in addUtlon- to their titanium values, 
contain varying amounts of ■ compounds of other 
metals,- In the chlijrinatioxi converEian of " the 
Mtanimn, and the other metal -compoimds to their 
vaporous chlorides occmrs, which chlorides are 
then x^eov^ed and condensed to -the solid or 
liquid state depending iipon the^phyaicai proper- 
ties of the oQznpouent and iihe reeovery appara^ 
tus resotted to. The crude titanium tetrachlo- 
ride is usually Tecovered.- by" ctHxdensing- it to a 
llamd filud^e, hut this corude* product iscidestr- 
ahly contaminated with dissolved impurities and 
undissolved solid materials. TQie amount and 
type of chlorides present in- the crude liouid nat- 
urally depends upoxi tfne exact composition of the 
titanlferoizs raw material - chlorinated and' the 
partictaar chlorination method* resorted, to. The . 
presence of alumlnmn chloride is to be expected 
In practically all- cases where oluminim com- 
pounds are presfflit in the raw materials. 

The removal of aluminum chloride and other 
COntn.mlTiattng chloride compounds comprises a 
major obstacle m the efforts hein^ cosstantOy 
made to obtain tilanium teraohloride in a pure, 
water-white state. The most usual puri^catiozx 
procedure is to subject $he crude liquid to distQ- 
jfttion to separate out a, number of its less vola- as 
tUe components. Aluminum chlonde remoyal 
can be ejected to a fairly adequate extent, pro- 
vided use of an efficient rectification system is 
also resorted, to. However, a serious disadvantage 
attends the use of this method which heretofore 
has* been tmpossiblo to ovGrcome. This arises 
from the fact tisat the aluminum compound pres-* 
ent in tShe crude HCU is highly corrosive, and 
disadvanta&eously <xuickly and severely attao&s 



(CL202 — 57) 

• 2 

roslon was measured- .in terms of inches'' per 
month on apparatus, employed to distil pore 
TiCli, Tid* oontalning- active Aldb/ and- ViCU 
confcaming hydrated AlCb, respectively:- 





InciiBs/liifazLch 
^PffneTratioii . . . 


-Mild 
'8rMl 




|jJJ^^g[j+2% JQOt Cas Al6)i:6H»0) , 


■ .00514 
,00023 


.00017 
-00016 



It is among the objects of this inventtori to- 
overcome ttie disadvantages accomjjauying prior 
methods for pnrjfsdng i[npurity~Gontauiinated 
lataulum tetrachloride; and. in particiilar, to 
minimlza substantially or prevent ttle corrbsion 
^ problems, lieretofore encountered in processing 
crude titardqm tetrachloride containzn? acti:7e 
aluminum chiori de. A particular ob j ject is t6 pirb- 
vide a novel method for processing; Ticm Ttrilierela 
metal eq;uipm©nt csan be utilized "aiid .With a.-xn-inir 
mun). of maintenance and leplaqement eipense, 
Another object as to effect removal of aluminum 
chloride troxn-its solution in -Uquid titanimn tetra- 
chlotide, such as that derived firom -ttie. cbloxina^ 
tion of a titaniferous ore or other raw Tnia.-fci«ri^i? 
and through a relatively simple and inexpensive 
purification procedure. Other objects and adyah- 
tages of the invention will be apparept fropi-iaio 
ensning^ description thereof* ' . 

These and Other-objects, are attained in this in- 
vention . wlxich Tiroadly • comprises .miaane with 
aluminum chlaride-oonjtanjinated liquid titanium 
tetrachloxide an amount of water substantially 
stoichiometcicaUy equivalent -to the .aluminma 
.chloride to he inactivated .in said hquid and then 
*" separating the resultln^f, aluminum chloride .com- 
plex ftom the titanium tetrachloride. to recover 
the latter. • • 



25 



SO 



3n a more specific and preferred embodiment, 
metallic mat^als' of^oonstracUou hi the purifi- 4S SSofS^oS^^^ 

.™..«*„c ...^ ^ otsauminum.andoWmeta^Xt^SL^ 

water-in an amount chemically equivalent to the 
ahnninum chloride to bo removed or inactivated, 
and then distilling- the resultine mass to vaporiBe 
and s^arately recover the TiCla present in pure 
form and retail! the resulttne- aJuminum chloride 
complex and other clilorides less volatile *>»ar> the 
TiCl4 as residue In the distillation vessel 

One particularly valuable adaptation of - the 
present process involves the preparation of pure. 



cation apparatus. Consequently, the coste of 
maintenance and replacement of metal distilla- 
tion and other purification equipment in such 
instances are extremely and prohibitively high. 
On the other itand, purilied l^cu. or even Ticu 
contafTifng various other imp^itles but not ac*^ 
tive aluminum- ehloxxde. is relatively non-corro- 
siye. Tlxese facts are sraphieaJly illustrated hy 
the fbllowin? results from tests on mild steel aihd 
of nickel e^mjmientr wherein penetration or cor- 
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water-wMte tataaiium tetradiloride from the coxi- 
vexxtdon-al elilorinatioxi, unc^ reducing condi- 
tions, of titaniferoTTs t^-w material such «m 
ore or a slag"- Bxich. raw material is chIorijifi.ted at 
elevated" temperatures and in accordance with, 5 
for instsuic©. the procediires of tr. S. Patents 
2.184,885, 2,184,887, ;i;245,076, etc., wherry a 
vaporous mixture Of titaziium, alumimim and- 
other clilorides is obt&ined- TTpon condenfiation. 
and recovery of the crude titanium teti'&chloride 10 
prddcct, the Gondensate is ai&ayzed to dstermixie 
its aluminum chloride content. A gH£uzitit;;' of 
water is then mixed with the TiCl* su^cient 
only to react wit)a the active alimuinum chloride 
present therein, as a result of which the aln- 12 
minum chloride appears to react selectively with 
the water and. form Jn situ of the 'XiCl4 a compltSK 
hydrate Or oscychira.'ide of low volatilUgr, non-cor- 
rosive, and relatively Inactive chemically- The 
resulting "*gLg? -or mixture is thereafter subjected 20 
to distillaticm to> ^ect volatOizat&on and removal 
of the- TICU for separate recovery through con- 
densation, while- the- aliamlnum- chloride complex, 
beinff less- volatile, remains in the distillation ves- 
sel. I>ue to the inactive and essentially non- 23 
corrosive nature of this complex, -undesired vte&t 
or corrosive attack of equipment ia materially 
lessened or completely obviated^ ond recovery Is 
thereby afforded of a TiCU fraction suhstan- 
tially frea q± active aluminum an4 other less vola- 30 
tila contaminatia^ chlorides. 

To a. des^er understanding* of ther invexxtion, 
the following illustrative examples axe .^ven 
whick are not to be eoioaidered as limitloe its 
scope: zz 



Ilmenit&- ore was mixed.- 'with- CDlc:e and chlo* 
r!nate£ with: Cla gas at about 95(r ThA prod- 
vaporS' com-pnsin? tit^oiiiasft and other metal 
<j3tLevit3e9- were cooled- and: crude TiCl* condensed 
^lUjuid- fOfim was subse^luenMy recovered there- 
&em\ This liquid comprised* prinoipally TiCI* 
with; coiii;aminatinfir chtorideSfc .particularly 0-53.^ 
hy weierht of active AlCla- and- 0.15^% VOCb> . 

The- crude HCl^- was then- intyoduaed intO' an 
e3EtemaUy-liea/ted-'di£;tilIatlcKn ves&^ provfdedwi^ 
conventional* sBltatisig and^ luasociaWd'' cond^imn^ 
mean^. '£l<^[cdd water in asi- amount equivalent 
to- » parts* hy weight of water for 8700 parts, by 
wei^lilr. of the- crude mass Was then added; to- the 50 
U^di cruder XDn a molar hasifi, this coinprifies 
3Uflteieot_ watet to react chemicalty with, -^s.^.^ 
of the acttve Aica3. ) Watraf addition was eiSeetod 
dropwise witb Gonstant agitatl^ and upon- com- 
pletion* of thB addition, tha- resultlner mixture 
was^ gradually heated^to ahout Id?" Ci The lieat- 
infi" audi resulting" hoilinff- oi)eratiQn wa& coni- 
tibued until' the voluuie or liauid in this vessel 
heoame- decreased to about one-half. MeznwhUe, 
the: vaporous TICU' traEtiQa volatflized. and difl«- CO 
tilled; ofT durlns* the heaidns was removed and 
separately recovered. The residue remaining: in 
th&TresserfcUowine-the distillation was analyzed 
ancf found to- contatn au active- AlCIa> content- of 
0\28.% by weight of tta.6 original crud^^ mater laL 
m. otheir word£, 49^- of the originar Alda- had 
heen reacted with* the water to form a non^vola- 
tQe; conrplez, while. SLL^ remained unreached. 
The water added was chemically equivalent, to 
4;8'.5 % ot the aluminum, chloride In the* THCU and 70 
was. affectively useful in removing 49%. of t£he 
gfl i i rfi^THT^i^ compound; Thia i6;con5ider.edi3z]cex« 
perlzoentai verificatimi- of. the theory, thsut one 
mol of H2O renders one: moi: of. AlCk Inatcbive 
aujd nonr^latae. 75 



2,QO0,SSt 
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Another sample of the crude TiCl4 obtained by 
tlie chlorlnation procedure described in Sxample 
I was mixed with water, utilizingr the same dis- 
tilling: eauipment and the procedurest of that ex- 
ample were repeated. In this instance, twice as 
much water was introduced, i. e., an amount 
of water atoichiometrieaily ectuivalent to an 
AlCh content of 0.50% hy weight was used. The 
TiCU distillate fraction recovered bad a yel- 
lowish discoloration due to vanadium presence, 
and on beine analyzed for aluminum chloride, 
had an active AlCb content of less than 0.08%, 
indicating that essentially aU Qt the oiiginal 
AlCb had been rendered* non-volatUe and inac- 
tivated by the added watei-. . 

The procedure above was repeated, but the 
water was added after heating* of the crude TiCJ* 
had been begun and while the temperature Of 
the latter was about dD"" C, On analysis the 
TiCU distniate contained 0.05% AlCb. A Water- 
white product Was obtained- after refiusuis* the 
distmate in, the presaice of copper. and redis- 
«aiin& 

JSTompJe TXI ■ 

The* procedure and crude "nci^ of- Example i 
were again employed but the guanldty of added 
w^ter was increased to Uiat stoiohlometrically 
equivalent to- an active, aluminum chloride con- 
tent of 1.0% by weight in the titanium chloi'ide. 
ThQ HCli distillate recovered analyzed O.Q-X^ 
AlCbi This product which w^ suhstantuilly f x% 
of almninum. chloride lilie the jproducsts of Ex- 
axnples' l and- U, contained appraximal;ely^ the 
yiOTift vanadium, concentration and was discolored 
by this impuritsr. Vanadium, chloride removal 
was ^ected- by reheating the distillate after the 
addition of finely-'divided copper and subse-* 
quently- re^dt'stflfing,. and a water-white titanii- 
um tetrachloride inroduot wac obtained. 



samples of Iron end nicbel sheet meta^ were 
also tested for corrosion, or penetration utilizing 
various TiGU sohitions, by boillne- the meta^. for 
si^ hours- in the solutions. l3)> similar tests, the 
resistance ol the metals to- vaxiaus. T5CU. vapors 
was studied. £enetratian In inches- .per month, 
was- calculated, by the equation*: 



sample- weight ross-sramg 



30^X^4 

6 metal densily X cm^' e^rea of sample-X 2t54 
Results, from these, corrosion or penetration tests 
were as follows: 



Saluttoo 




* In-Vapor 


{ Pe- 


- Ni. 


Je 


Hi-. 


5) TiClH-I%.AlGla» 


.0001 

.ooor 

.0035 


,.0030 


'.OOUl 
.OOQi- 
.0010 


.0003 
.0003 
.0004 





The- ^liSB^t- nature^ o£ the- chemical reaction 
whicli"occurs-by means- orthe new pre-distillation 
technique herein, contemplated, and* the reason 
for the -efficacy of water at. tZiis eany step»m the 
purification process are nojt presently: well* un- 
derstood; One theory which, appears, to particu- 
larly coram end, itself' is that, foUcwiJis; addition 
of: the water to the titanium, tetrachloride, a re- 
section taices place; according: to the equation: 
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AlCla4-H20=AXOd!+!2]a:ci. The alumititim chlo- 
, ride bas' a greoter- affiuitr for water tihaAlia.ve the 
other components of the crude -TiGU-prcxluot, so 
that it i5 on this material, quite swprisingly, thtft 
the water has the de'sirecl and. selective effect 5 
It may t>e, however, tihct the water first reacts . 
With TICU to give soluble TlOCls or another OXST- 
chloride compound and that-fihis then reacts with 
AlCh upon contact vr5£h. this solute. Since it Is 
AlCh which i£ chemically active and therefore is 10 
the pitocipal caufie- of -metal surface 'corrosion, 
while alinninuzn ozsrchtandes, hydrates and the 
like are relativeii^ inactive and non-volatile un- 
der the conditions ol)ta4nih& in ^the usual' TXCU 
purification, it will he readily seen that the addi- ifi 
tion of' water -at iSais preliminar°F' 'Stage in the 
operation, as herein contemplated, simply and 
efCectively jntiibits the "serious -corrosion problem 
heretofore encozmtered. The above equation in- 
dicates that equdmblar proportlona of aluminum 20 
ch^loride and water are all that are necessaiy, 
and this ohservataon has been bocoe out in prac- 
tice. In genial, 'one moi oX wnter should he 
added for eadi mol of aluminum, chloride to he 
removed ftrom the crude TiCLt. While a lesser 25 
amount can be used, since 'lt* will prove valuable 
in removing at least eooib of the AlCb and hence 
lessen equipment corroslffi to tha.t extent, it will 
l3& found preferable to in^tnrate esscntiaiisr^all 
' <xf t^e AlCb, and to titiSize ibr that purpose a •$<> 
.jziol for mol treatment. As akeady noted, the Hise 
of excess water Is undesirable becau^ loss of 
tltajldum values wia occur due to formation of 
Utanium oxyohlorlde^ and the lilc:e, when -active 
Alcla is no longer present to react selectively with 35 
the water. 

The method of iucoxporatMier the reauired 
amount of water in the crude tetrachXozlde is 
relatively unixaportant, so lons^ as an intimate 
mixture is obtained. The water may be added 40 
to the Tidi by merely droppingr or otherwise 
feeding: it onto the surface of the latter, or. If 
preferred, can be Injected into' the liquid, or 
otherwise commingled therewith hy any known 
and desired means. Similarly, intimate admix^ 45 
ttiTB can be effected throu^fh resort to any com- 
mon means, such as mechanical agitn>tinn with 
a paddle, circulation pump, or ftiniflar media. 
The time required to effectuate adequate mising 
'aoid treatment appears to depend upon the effi- oO 
clencv of the mixing operation rather than upon 
the speed of chemical reaction. The tempera- 
ture of the crude product in which the water is 
commingled la also relatively unimportant, and 
in ths eubsequsnt heatinsr to effect distillation, S6 
temperatm'es which -at Iflast apxnroximate the 
boiline^ point of the TICIa compenezit are resorted 
to. Advantageously, water addition to th&. con- 
densate (HCU) ig effected ss the latter Is col- 
lected, to render the Crude TiCU non-corrosive CO 
as soon as possible, and preferably at ttie tem- 
perature of the condensed Tlcli as formed. The 
term "water" includes free water in the vapor, 
hxjald, or solid Cice) state, 

A3 win be evident from the foregroin?, the pres- Ofi 
ent invention provides a novel. eAcacioua and 
surprisingly simple method for Inltaally treating 
crude titanium tetrachloride containing aJumi- 
nam chloride and other impurities to ettectively 
minimize the cotro&ion of metal purification 70 
equipment so disadvantageous up to now. and 
enable ultimate recovery of a water-white prod- 
uct. By its use. purification of TiCli derived 
from, chlorination of a titaniferous ore or slag 
is made relatively siraple and inea^sensive, and 7S 



distillation may now be. effected readily- and.ef:* 
ficieiitJy. This is achieved by introducing ainew 
step into the usual purifieation process, after or 
during- the condensation of the crude TiCl* prod- 
uct and before dietillatiDn. the addition of which 
step actually, and unexpectedly .reduces in la 
startling manner the costs of the puxifving op- 
eration. 

The proce^ outlined is pajiicularly useful in 
the conversion Of impure liquid titanium tetra- 
chloride to the purified water^white product. 
Water addition to .the crude product, in the 
amoimts specified,' of itself does not provide a 
water-white prodnct nor reduce the vanadium 
content of. the titanium compoiind- upon subse^ 
quent di^SlIation. It is believed that the water 
simply functions to render the aluminum .chlo- 
ride solute inactive and Jess volatile by convert- 
ing ii; to an oxychloride, such .as .AlOd.. The 
inactivated aiiTTn-fTn-^'p fjf compound is. also'/scAnhle 
in the-^CU under. th& condildons of Its prepara- 
tion; but tibelcoarosiveness'of the liquid, is. jna^ 
teilally-decreased and may be handled- in'standr 
ard iron and- nickel equipment without. impair^ 
Xas the life of the. equipmentw Ut)on. distllla- 
tlob;; thev aluminum : Compound remains, in .tl:xe 
distillation vessel' as residue .whUe the. more vola- 
tile titanium chloride is separated • therefrom 
alon? with bnpurlt&es. of. similar vola^ty ^ujsh 
•as"vaj*adium- oxyehjorlde VOCls: . ^'rjBein?. the 
liitanium tetrachloride from volatSle colorrtm- 
partine- impurities such as a chloride of vanadium 
is them conventionally e;Sected by an additional 
treatment such as by distillation over a copper 
contact ma&^. 

Titanium tetrachloride obtained ifrom the 
chlm-ination of titanium ores fomus a erode 
product of commerce having* the following 
composition: i 

Pea: cent 

TiClt - ^^^^ 

CI2 

AJCla — 

FeCfb 

SCI2 „ . — ^ 

SldU , 



SnCU 
VOGI3 
CO» — 

CO 

cod . 

HCl 



. 95 

. 2.» 

„ 0.5 

.^^^^ ^ 0-.5 

^^^^ 0,7 

. 0.4 

; ; 0^5 

0.15 

■■■■■i. 11 I trace 

^, trace 

trace 

trace 

In accordance with the invention. It will he found 
advantageous to incorporate therein an amount 
of water UP to the quantity of aluminimi chloride 
present immediately after its condensatian and. 
segreB^ation, so that the life of the equipment 
win thereby be advantageously Ijacreased- It has 
also been founcl that water addition decreases 
the electrical conductiTity of the tltantom tetra- 
chloride product contatr^TPg a small amount ct 
AlCb. It appeaxs that this hxcxeased condactivlty 
of the solution oC aluminnm. chloride in TLCi* 
is related in some way with corrostveness. By 
the water treatment . herein contemplated, a 
method is provided for decreasing the conduc- 
tivity and thereby t3ae corrosiveness of tiie 
chemical. 

In the specification reference has been made 
to the inactivation of aluminum chloride by the 
addition of water. It is understood thereby that 
aluminum, when present as dissolved AlCla, Is 
considered to be "active" and that when present- 
as AlOO, It is "inactive/' Crude TaCU may 
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f^tAin aluExwum ixi t)oth f oitms and accftr^lngly 
it sdll be fovuad to l^e adytiuta^eous to (aetermine 
tue aznoimt of water necessary to react with tlie 
ftctive alumiimiii to concert it to the inflictive 
.condition, VTHen water in excess of that amount 
is .used, Htpinlvm opeyohloride is produced with 
-conseoveat loss of the chemical being piJiifiea 
or treated. To avoid this, it wfll be found desir- 
Ahl& to employ only such .omouzit of vater ^ is 
{SUbstantialLy et^uivalent to the alu winum chlo- 
xide hfitng inactivated. 

We dozm as our Invention: 
. 1_ process for the removal of -alumiixian 
Ghlcucide in solution with liquid tatanium tetl'a- 



10 



contaxninazit herefrom -vliich comprises jadding- 
to 59-id tetrachloride one jodol ot water for each 
mol of alupainum chloride present, distiMine the 
mass ±Q septate out the les;j volatile chlorides, 
and jrecovering pure titajuu^ tetraehloride firam' 
the jltani'om tetra^:hlorlde fractiox^ 

4. An iinproved process for the production 
purified Tick iCrozn topure TiCli conteinjnff as 
impurities aluminum and vanadium chlorides 
whi<^ compri^Bs rendering the aluminum cblo^ 
ride Inactive and non-volatlle hy adding thereto 
one mol of water for ea<5h raol of the j&icls 
present, distillingr the resultie^ product to ohtain 
a discolored vanadium-containing distallate^ and 



unl 
of\ 



•chloride "Which comprises miatlng with said liquid, is then refiusins said dUstOiate in the presence of 



sai Amount of water sufficient only to react with 
the active aluminujoa. chloride to be removed 
therefrom, and then separating the tStaniura 
tetTOchloride from the resulting aluzoinum chlo- 
ride -.complex. 

•2. A process toi the- removal of alu miriu m 
'Chloride contaminant ^om liquid titanium tetra- 
•chloride which comprisEs incorporatiius:' in the 
•tfetnaiihlorSde abont one mol .of water for eaph 
•mdl -of aluminmn ijhloride present thereto., and 
■then.suhjectine the resulting mass to distillation 
tQ fepazate the titanium tetrachloTide from the 
.residual contaixiinants^ 

3. jft. process for purifis^ing .titanium tetrachlo- 
Mde -obtaAaed firom. the chlorination. of a Utanif- 
-econB material to remove .aluminum chloride 



copper 4S a. contact ^asS' 
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I 2 

This InvexLtlon reflates to a metihod of puri- lides are converted by reaclaoDS which partly 

fying liquid chlorides txf raetaJs at the 4th are miknowii, intx) non-voi^tile compouQdSp so 

group of i^ie periodic fiystem. As is weU ^known, &£tt a chloride which is ^ee &om f oreien 

the 4th ^toup of the periodic system coiwri5e& chltrndes may he distilled off. 

the elements C, Si, Ti, Zr, Hf , Th, Ge, Stt and Pb. 5 nq^^ it has been f oTind that the purification of 

These metftl chlorides are obtained after known the metaJ chlorides of the fourth group from tiie 

methods by direct chlorlnation of the respectiye coloured metal chlorides can be effected more 

metals, alloya» oxides or oxide ores and owtnjj ea^y and daeaply ha. suj&h a way that the chlo- 

to the impujities contained hi the initial prod- rides are treated at a higher temperatiire with 

nets, they are always Smpnrliied by other voia- orBanic compounds, prefera.-bly used in smaH 

tOe. metal chlorides. The sietal chlorides which quantities/ which have no metal attachei^ to the 

9X9 solid at noxmal temperaturis, euch as trl- molecule, imder such candittons tha^t these or- 

chloride of iron, are not soluble or only difficultly game compounds are carbonized by the chlo- 

soluble in th© liquid chlorides. On the otuer rides, whereupon the metal chloride freed from 

hand, the Hamd metal chlorides, such as tetra- the colored chlorides is separated ftom the eUox* 

chloride of vanadium! . oxychlorfde of vanadium inated product of c^arbDnbsataozi containing th© 

and chtomylehloride, are completely soluble in impurities. 

the four-valeut liquid chlorides, causing un- As a purifying agents there may be u^ed, e. s. 

desirable colouring of the four-vaient chlorides liquid ox vaporous or gaseous hydrocarbons, afls 

which in their pure condign are colourless* and fats, alcohols, fcgtones, organic adds, amines 

Thus, for instance, by chlorfaating rutile which and the like. Especially hydrocarbons witix at 

always contains up to l percent of vanadium least 2 C atoms and organic compounds contain- 

oadde and up to 0.5 percent of chromium oxide. Ing besides hydrogen at least one activating sub- 

a titanium chloride is obtained which contains ' stituenfc such as a hydroxyl-, o3cy-, iceto-, amino- 

0.7 to 0,3 percent vanadium o^ychloride and or/and carboxyl group or mixtures contaSnlnS 

vanadium tetrachloride and up to 0.1 percent such substancea proved to be auifcable- 

chroj»rum Qxychloiido and> therefore, is of .a daifc The brganlo substanoes show .a different ao- 

yellow aolouar. TOhea chlorinating ifeleselguhT, tivity as regards purification, depending on their 

there is obtained a hxi^ht yellow silicon tetra- constitution. Therefore/ the* condiliona of the 

chloride by ?rnCT.Ti quantities (less than 0 J. per- treatment, especially the l«inperatare and pres- 

cent) of vanadium oxychloride. The present ' ' sure conditions, must be adapted to the punfying 

process primarily relates to the purifiDaiion of the .agent in question. Organic, animal or vegetable 

liquid four-valent chlorides to eliminate these fats and oils, especially those witti unsaturated 

liquid coloured chlorides. pombinatiDnfl, moreovw. unsaturated hydrocM- 
Simple distillation or even a carefully execut- ^35 bona with: at least 4 C atoms, also for instance 

ed fractional dis^ation of the coloured metal * in the form of cracking gases, unsaturated min- 

chlorides would not produce the desired result, erai oild. crude oil and benzene are particularly 

since the boHina' points of the coloured and of capable, of reaction. With these substances In 

the colourless chlorides are too cloae tofether, general a reaction temperature of 100-^200** cen- 

Now, Ifi Is toown to effect the puilfloatlon by 40 tierade is sufficient. The veffetable and animal 

absorption of the coloured chlorides on acfave fats and oils are referred to heremaJCter as fatty 

carbon, silica^fel etc in a liquid or vaporized con- oil substances* 

dition, or to convert th^ coloured, volatile chlo- Other organic substances, , such as for .ex- • 

rides at a higher temperabire, by means of hy- ample low- molecolar, saturated hydibcorbons, 

drogen, into non-volatile chlorides, and thus to 45 aromatio hydrocarbons, alcohola etc often-tames 

separate them from the colourless ■ chlorides, ' are less capable of reaction and require a higher 

Also it has been soggasted to treat ttie raw i-eactlon temperature of 20O to 500*". C. When 

fw^ifty frt^ iQ a liquid state with substances such using such purifying, agents, therefore, it may be 

as sulphur, soap, or -with metal powders in the necessary to cairy out the purification process 

presence of niicftHAg . whereby l^e coloured chlo- SO under pressure, by heating the mbdnire or the 
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. solution, ccmsistlzig of metal chloride and purify- 
ing a.|;entB, to the reaotioii temperature in auto- 
claves. The purification under pressure is advan- 
tagfedUS especially also where aHcon chloride 15 
to he purified, for its botT-fng pohat is so low IShat 
the treatment at normal pressure would take a 
lon^ time even when usin^ very active purifymg 
agents. By applying: higher temperature such as 
attainable with higher pressure the dizjatiou of 
the iireatment can be conaiderahly shortened. 
^T2ie purification by means of gaseous orKanic sub- 
stances caia he carried out in sixth, a way that the 
gaseous purifying- ag^ent is passed through the 
matal chloride which i& preferably at boiling 
temperature, at normal or increased pre^^ure* 

The manner of action of my novel purifying 
process probably is due to the tact that the fine- 
ly- dispersed carbon resulting from the carbonisa- 
tion process has a very high absorption capacity 
especially for the colored liquid chlorides. 

Our novel method offers the advantage that 
veiy cheap puritsring agents, such as petrol, crude 
oil, bfenzene, liquid paraffin, cracking gases, ani- 
m-al and vegetable fate and oils etc. can be used. 
Also it iB easy to be carried out technically, since 
the elaborate fitfrrins operation required when 
usin^ solid purifying agents, such as soap, sulfur 
and metal powder, can be avoided by^ using as 
purifying agents either liquid substances which 
are partly or whnlly soluble in the metal cUo- 
rides, such as petrol, benzene and certain, min- 
eral oils, or by operating^ with gaseous purifying 
agents. The agitation attainable by heating, 
especially by boiling of the metal chloride, or by 
introducing a gas, IS sufficient for a satisfactory 
dispersion of the purifying agent in the metal 
chloiide. 

Moreover, the purif^B" operation may be car- 
ried out in the form of a oontSnuous process by 



10 



16 



and ^st to Fig^ 1 it wHl be seen that the pxnrif ying 
apparatus consists of a still I with feed duct 2 
for the chloride to be purified, a feed pipe 3 for 
the liquid purifying agent, a feed pipe 4 for 
a gaseous purifying a^ent, a ccoier 5 for conden- 
sation of the pure chloride and a recipient: ves- 
sel 5 provided with a vent pipe 7. 

The apparatus according to Fig. 2 consists of 
a still I, a refcuin cooler 8, provided with a vent 
pipe 1, and a filter 3 for filtration of the treated 
lltxuid chloride. The devices accordingr to :^ig3. 
1 and 2 may be operated at normal or increased 
pressure. 

The device shown in Pig- 3 consists of a pump 
JO by which the miarttire. advantageously the so- - 
lution, of the chloride and the purifying agent is 
forced into the pressure pipe i 1 which is heated 
from outside. Connected to the pressure pipe is 
a :dlter 9 for removing the caiAonlsation product. 
20 Fartjculai'ly- adapted for the filtering operation 
axe ceramic filters, e. g. porous filter plates or fil- 
ter presses and suction filters with filter cloth of- 
glass or quarts thread. 
Some examples of our novel process will now 
25 be described. 

Example f .-^200 grams of titanium chloride, 
impurified by 2 grams of vanadium chloride, axe 
mixed with 2 grams of linseed oil, boiled for half 
an hour» and then the titaziium chloride is diS' 
talled off. A product as dear as water will be ob- 
tained with less than 0.O1 percent by weight of 
vanadium. From the same vessel anothar 7. ex- 
actly similar charges with the same admixture 
of Unseed oil are heated and distilled, with tl^e 
zs result that a distilLate free from vanadium win 
always he obtained. After t3ie last distmatlan 
the carhon^like residue of all the 8 distillations 
will be zremoved from the fiask and gyamlnRd; 



so 



they will contain all the vanadium and 10 grams 
evaporating the metal chloride to be purified 40 ^ titanium chloride so that the lo^ in titanium 
from a still, feeding continuously besides tlie chloride is only 0.7 percent, 

metal chloride a small quantity of a licpiid or " JSxamvle 2-«— 500 grams of tin tctachloride, im- 
gaseous purifying agent, removing continiwjnsiy purified by 2.5 grams oi vanadium chloride, are 
or In batches a part, or tlie whole contents of t2ie boiled with 5 grams of diasel oil for a period of 2 
still, separating the eliminated, carbonized resl- 45 ^^ns and then distilled. The dls^llate will con- 



due from the Hquld, by filfa-ation. and advanta- 
geously returning ttxe latter to the stin. it win 
be seen from the examples hereinafter set f olrth 
that -the contents of colored chlorides can be re- 
moved practacally completely with Tninimum 
losses in colorless rnete^ chloride. The metal 
chlorides thus purified can be used directly as 
Initial materials for the production of absolutely 
white pigment colors, anch as., for instance^ 
tltazuum oxide. 

A wide variety of different apparatuses can be 
used for carrying out our nofvel method, the ee^- 
lection of the most suitable apparatus depending 
on the conditions of the treatment and the sepa^ 
rating methods. When carrying out the meth- 
od in batches, the apparatus may consist of a 
stin with cooler and adapter or filter, or. in the 
case of worldng under pressure, of a stationary 
or rotary autoclave* combined wi£h a filter or 
a still pipe with cooler or adapter. Pot con- 
tinuous operation Che ax^axatuses shown sche- 
matically in the accompanyin^f drawings may 
he used, in which: 

Pig. 1 is a diaerammatlc sectional view of a 
first embodiment; 

Pig. 2 is a similax view, showing a second em- 
bodiment, and 

Fig. 3 is a diagrammatiB sectional view show^ 
ing a third embodiment. 



tadn less than O.Dl percent of vanadium. 

Example 3.— 100> grams of silicon chloride, im-> 
purified with 0-1 percent of vanadimn clilorlde» 
are boiled for one hour with Q.l ^'am of castor 
oil under pressure at 150° C. and distilled. Tlie 
condensation product will contain less than 0,01 
percent vanadium. 

^{compZe ^. — 200 grams of titanium chloride 
impuxified with 2 grams of vanadium chloride 
are boiled for a'perlod of 2 hours with 2 grams of . 
crude petroleum and dtsffiTTed. The dzstUlate will 
contaon about 0.05 percent of vanadium. To the 
carbonized residue a second charge of an equal 
amount is added^ also impurified with 2 grams of 
vanadium chloride, witli another addition of 2 
grams of cmde petroleum, and distilled after 2 
hours Of boiling, with the result that the distilJate 
win contain less than 0.01 percent of vanadium. 
Example — ^200 grams of titanium chloride 
S5 Impurified with 1.5 grabis of vanadium chloride 
are boiled wit^ 2 grams of pulverulent anthra- 
cene and then distiUed. No vahadium will be 
found left in the condensed titanium chloride. 

Example 6. — 20O grams of titanium chloride 
impmified with 2.5 grams of vanadium chloride 
ere boiled for 2 hours with watchmaker's oil, 
the residue is filtered off after the boiling and ft 
clear titanium chloride, but dark-colored by or- 
ganic decomposition products, with less than 0.01 



BO 
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00 



70 



Referring now to the drawings in greater detail. 73 percent of vanadium, will be obtained. 
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SxaTTtple 7. — A, coiitla^usly operating dlst^- 
ling^ appftratus with A still capacity of 600 cllblc 
centameters is fed vrith titanium dalDiide impurl- 
fled with 1 percijnt vanadtum chloride and o.s 
percent of chromyl chlorjde, and with cylinder 
oil, in a ratio of 200:1 at a speed of 900 grams 
titanium chloride per hour, obtahlin^ a tita- 
ninm chloride distillate with less than O-Oi per- 
cent vanadium and O.OOd percent chiomiimL Aft- 



wmie we "have described what we believe to be 
a preferred form of qarrying out our novel process, 
we would have it understood th&t we do not limit 
oxirselve^ to the precise details set forth, but con- 
sider ourselves at iiher1s7 to make such changes 
and alterations as f acdy f aU -^thin the spirit and 
scope of the invention. 

Having^ thus described our invention, -what we 
claim as new and desire to secure by Letters Pat- 



er 10 hours of operation the contents of the atiU'is lo ent is 
filtered, retuminff the filtrate to. the still which - 1, A process for removing oolonng impurities 
then IB ready a^ain for a new operating period from 'an impure normally llQuid chloride of a 
of 10 hours. xaetal of group 4 of t3ie periodic system which 

Example ^w— A weat eminent of amylene comprises intermixing said chloride and a small 
(CbECio) Is passed through boiling titanium chlo- 15 proportion of an organic compoimd selected from 
ride containing 1 percent vanadium chlorlde» the group consisting of hydrocarbons and com- 
Gaxising the precipitation of a solid carbonisation. pounds of carbon, hydrogon and at least one sub- 
product. After distilling off from- the residue stituent from the group consisting^ of hydroxy, 
the chloride cont^na less than 0.01 percent va- oxy. keto, amino and carboxyl radicals, heating 
nadlum chloride* ^ 20 said or^nlc compoimd in a h<iuid body of said 



Examvle P^^Stanxuc chloride,, impoxifled with 
0J2 percent of vanadium chloride, is saturated 
with propylene in an autoclave at a pressure of 9 
atmospheres, then heated to 350" and distilled 
off. The condensate is vanadrum-freeT 

Example 10. — 5 graona of pentane are dissolved 
In 200 grams of titanium chloride which is im- 
purified with 2 grams of vanadium chloride, and 
tiae mixture is passed continaously In a liquid 
state throug^i a pressure pipe At 300*" C. and 30 
atmospheres. The stiU hot reaction mixture Is 
filtered through a ceramic filter. The filtered 
titanium chloride contains less than 0.01 percent 
vanadium. 

Exeimpte grams of silicon chloride, im~ 

purified with D.1 percent of vanadmm chlorlde„ 
are heated with 5 grams of benzd for one hour to 
300* C, in an autoclave, reaching a pressure of 90 
atmospheres. The stlicon chloride is distilled off 
and contains less than 0.01 percent vanadium. 

Bautmple 12_— 200 grams of stannic chloride, 
impurified with 0.5. percent of vanadium chloride, 
• are heated with 10 grams of benzene for one 
hour to 360" C. at a pressure of 30^ atmospheres in 
a rotary autoclave and then distilled off from the 
autoclave. The di^tiH^te is vanadium-iree, 

A number of puri^fylng agents which may be 
used in connection with our novel process, and 
the most favorable temperatures for treatment 
•therewith will be specified hereinafter. 

GROUP I 

Purifying ag&n^ts witK aih opttmuTjt purih/it^ 
temperature oflOOtp 200** C, 

Djpentene, amylene, afiylaJcohoL acetone, di- 
isobutyl^tone, tertiary amylaicohol, anthracsne» 
brenzcatedxine, a-'naphthol, ^-ziaphtbylazaine, cy** 
clohexanone, cyclohe^Eanol^ fttcfural, linseed on, 
castor oil. salad qH, cylinder oil» engine oiL watch- 
maker's on. antbraoene bil, omde oil, petrol, ben- 
zene.- 

Fvrifyhia agents with opUmwi ipuriMng tan- 
perattere frxm ZOO to 300* C. 

LlCLUid paramn, neptylaioohol, cecpialcohoL di^ 
ethylamine naphthaline, phenylacetlc &cid, o- 

■Purifying agOnts wft^ ojrtimum purifying temper^ 
ature from SOO to SOO^ C. 

ethylene, acetylene, propylene, propane, pen- 
tane. benzol, toluol, urea, tficyandlamid. 'methyl 
alcohol* eilycerine, ethyl alcohoL 



chloride at a t^nperature between lOO' and 500^ 
C. at which said compound carbonizes therein un- 
til a finely dispersed carbonization product is 
formed and until- said impurities ate taken up by 
25 said carbonization product, ajad separating puri- 
fied metal chloride from, said carbonization prod- 
uct holding said impurities. 

2. A process for removing coloring impurities 
from an impure' normally liquid chloride of a 

30 metal of group 4 of the periodic system which 
comprises tnterxnizlng said ci^ioTj^t *^ and a small 
propartlon of an oreranlc compound selected from 
the group consisting of hydrocarbons and com- 
poimds of cajbon, hydrogon and at least one sub- • 
S5 stituent from the groi;p consisting of hydroxy, 
oicy, keto, ^.m^r>n end carboscyl radicals, heating 
said organic compound in a liciuid body of said 
chloride under superatmospheric pressure and at 
a temperature between 100^ and 500^ C. at wl^oh 
^0 ssid compound carbonizes therein- until a finely 
- dispersed carbonization product is formed and 
until said impurities are taken up by said car- 
bonization productr and separating purified metal 
chloride from said carbonization product hold- 
45 Ing said impurities* 

3. A process for removing coloring impuzfties 
from an imxiure nottnahy liQuid chloride of a 
metal of group 4 of the periodic system which 
comprises intermixing sold chloride and a small, 
proportton of an orgaruo compound selected from 
the group consisting of misaturated fats arid oils 
and unsaturated hydrocarbons containing at 
least 4 carbon atoms, heatSng said org^aolc txioi^ 
po2md in a liquid body of said chloride at a tem-* 

5g perature between 100** to 200* C. at which said 
compound carbonizes therein until -a finely dls^ 
parsed carbonization product is formed and un- 
^1 said impurities are takexi up by said carboniza- 
tion product, and separating purified metal chlo- 
ji6.B from said carbonization product holding said 
impurities. 

4. A process for removing coloring impuritiea 
from an impure normally liquid chloride of a 
metal of group 4 of the periodic system which 
comprises intermixing scud enloride and a small 

' pioportlon of an organic compound selected from 
the group consisting of saturated hydzcicarbons. 
aromatic hydrocarbons, alcohols, ketones, organic 
acids and amines, heating said organic com- 
70 pound in a liciuid body of said chloride at a tern* 
perature between 200* and 500« C. at which said 
compound carbonizes therein. Tmtn a finely- dis-^ 
pezsed carbonization product is farmed and un- 
til said impurities are taken up by said carboniSKk- 
75 tion product^ and separating purified metal chlo- 
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ride from^ld carbo&lzataan product holding £aid 

impurifcies. 

5. A process for removing- coloring impm'ities 
from an impure normally liquid chloride Of a 
metal of jg^roup 4 of the periodic .system, which 
compmes interixiixi;ag said chloride flAd a ■gmflji 
proportion oX an organi^j compound selGDted from 
the groiip consisting of saturated hydrocarbons, 
aromatic. hydi-ocax'bODS, alcohols, fcetones. or&anic 



to said zone beln^ a stream of a solution of said 
compound in the impure liauid chloride. 

10. A contiiauous process for removing colorinB 
impurities from an impure liquid chloride of a 
metal of group 4 of the periodic .system,, which 
<;ompris&s cozxtinually flowing' into a reaction 
zone said chloiiile and a relatively small amoimt 
of an organic compound from the group consist*' 
ing of hydrocarbons and compounds of oarhon, 



acids and amines, heattns said organic compound lo hydrogen and at" least one aubstituent from the 
in a liquid body of said chloiide under super- group consisting of hydroxy, oxy, keto, ^jruno 
atmospheric pressure and at a fiempei-atui'e be- and eai*boxyl radicals, contlnuouslj^ heating" saiji 
tween. 200" and 500" C. at which said compomid or^anio compound ia a liquid iDody of saici chlo- 
carbonizes therein until «c finely dispersed cax- ride in said «ane at a temperature between lOO" 
bonlzatlon product is formed and until said im- 15 and 500" C. at which said compound carbonizes 
purities ai*e taken up>y said cai^faonization prod- therein until a finely dispersed cafhonization 
uct, and separating purffted metal chloilde f^om - product is formed and until said impurities arc 
said carbonization product- holding said impuri- taken up by said carbonization product, con- 
ties, tlnuouBly dlstJUins" pm'ifLed chloride of said metal 
6. A process for removing coloring impurities 20 from said zone, ccmtlnually withdrawing part of 
from an impure normally liquid chloride of a the liquid therefrom, and separating purified 
metal of group 4 of the pei'iodic system which ^etal chloride from tiie carbonization product in 
comprises introducing into a liquid body of said the withdrawn liquid holding the impuilties. 
chloride a small proportion of a compound se- 11. A proceas tor removing coloring iinpuiities 
lected from the group consisting of gaseous hy- 25 from liquid titanium tetrachloride which com- 
drocarbonE and gaseous compounds of carbon, prises intermiadng said chloride and a small pro- 
hydrogen and at least one substituent from the ' portion of an organic compound selected from 
group consisting of hydroxy, oxy, keto» amlxxo and tho group consisting of hydrocarbons anrf com- 
carboxyl radicals, heating said organic compound pounds of carhon, hydrogen and at least one sub- 
in Said liquid body at boiling temperatures be- so stituent from the ^roup consisting of hydroxy, 



tween lOO' and 500* c. at which said compound 
carbonizes therein and a finrfy disparsed carbom- 
zatlon product is farmed and until said impurities 
are taken up by said carhonizatton product, and 



oxy. feeto, amino and carboxyi radicals, heating 
said orcranic compound in liquid body of the 
tataninm tetrachloride at a tamperatiire .between 
100^ and 500* C. at which said compound car- 



separating purified metal chlOEilde from said ciifer- 35 honizes therein until a iineiy dispersed carboni 



bonl2ation product holding said impurities. 

7. A process for removing coloring impmities 
from an impure narmaJly liquid chloride of a 
metal of group 4 of tbe periodic system wJizeh 
comprises dissolving in a liquid body of said chld- 
ride a small proportion of a liquid organic com- 
pound soiuJt^ therein s^eoted ftom the group 
consisting of liquid, hydrocarbans soluble therein 
and a likewise soluble compound of cai'bon, hy- 



zatlun product is formed and until said impuri- 
. ties are taken up by said carbonization product, 
and separating purified metal chloride from said 
carboziization prodaot holding said impurities. 
40 A process for removing coloring impurliaes 

fsrom imxmre liquid titammn tetrachloride which 
comprises continually flowing into a reaction 
zone said titanium tetrachloride gT>rf a sraoU pro- 
portion of an organic compound selected from 



drogen and at least one substitixent of the eroup -45 ^® group consisting of hydrocarbons and com- 



consisting of hydro:?y, oxy, keto» amino and 
. carboxyi radicals^ heating said organic compound 
dissolved in said, liquid ijody at a temperature be- 
tween 100' and 500* C- at which said compound 
carbonizes therein until a finely dispei-sed car- 
bonization product is formed and until said im- 
purities are taken up by said carbonization prod- 
uct, and separating- purified metal chloride from 
said cai'bordzation nroduct holding said impuri- 
ties, 

8. A continuous process for removing coloring 
impurities from an Impure liquid chloride of a ' 
metai of gi-oup 4 of the periodic system, which ' 
comprisss continually flowing into a reaction 
zone said chloride dnd a relatively email amount 60 
of an organic compound from the kroup consist- 
ing of hydrocarbons and compounds of carbon, 
hydrogen and aji least one substituent from the 
sr"oup consisting of hydroxy, oxy, keto, amino and 
carhDxyl radicals, continuously hcatinff said or- :G5 
ganio compouiui in a liquid body of said chlo- 
ride at a temperature between 100° and &00' 
at which sflid compound oai^boni^ea therein untji 
SI finely dispersed cexbonization product is 
formed and untH said impurities are ta^en np by 7o 
said caa'honization product, continually removing 
from said zone said carbonization :product hold- 
ing said impurities and continually removing 
i'ron;x said zone purined chloride of said metal, 

9. A process as described in claim 6, the inflow To 



pounds of carbon, hydrogen and at least one sub- 
stituent from tiiQ group consisting of hydroxy, 
osy, Jseto, amino and carboxyi radicals, con- 
tinually heattng said organic compound in a 
liquid hody of fiie titanium tetrachloride at a 
temperature between 100" and 500" C. at which 
said compound cajrbonizes thex-cin until a finely 
dispersed carbonization product is formed and 
until said Inapurities are taken up by said car- 
bonizatton* product, continually removing from 
said zone said carbonization product holding said 
impurities, and coni^uaily removing frnrr^^ said 
. zone purified chloride of said metaL 

WALTER FBEr. 
:5RNBT BGLLEB^ 
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CExparte^ RUBIN 

Patent Office Board of Appeals 

ppimon dsited Sept. 30, 1959 
United States Patents Quarterly Headnotes 

PATENTS 

[1] Affidavits — Anticipating refereaces (§ 123) 
Double patenting— In general (§ 33.1) 
If applicant's claims are rejected as not patentable 
over claims of his prior patent, a Rule 131 affidavit is 
ineffective^ as only one patent can issue for a single 
inventive concept; if applicant's claims are patentably 
disnnct over those of the patent, a Rule 131 affidavit 
would not be required; therefore, there is no need for 
Board to considfQ- affidavit. 

PATENTS 

[2] Abandcnmeiit^Disclosure without claiming (§ 
10.7) 

Basic requisite foi* rejection on groimd that applicant 
dedicated claimed method to the public is that what is 
claimed application is diaclosed but not claimed in 
applicant!s paiei^L 

PATENTS 

[3] Patentability - Change - In general (§ 51^1) 
Same product is obtained by either method claimed 
in appiicaiion or that claimed in applicant's prior 
patent; no tmexpected result is obtained by reversing 
order of steps recited in method claimed in patent; 
hence, method claimed in application is not 
patentable over patented method. 

PATENTS 

Particular patents^oated Sheet 
Rubin, Method of Manufacturing a Conductive 
Coated Sheet, claims 2, 3, and 6 to 9 of qiplication 
refused. 

*440 Appeal from Primary Examiner. 

Application for patent. Serial No. 513,642. From 
decision rejecdng claims } to 9, applicant ^peals. 
Appeal dismissed as ro claims 1, 4, and 5; ajQQumed as 
to claims 2, 3, and 6 to 9. 



EZSKIBL WOLF, Boston, Mass., for applicant. 

Before SURL£» Examiner in Chief; and MAGIL and 
WILES» Acting Examiners in Chief. 

WILES, Acting Examiner in Chief. 

This is an appeal from the final rejection of claims I 
to 9. Since claims 1, 4 and 5 were withdrawn from 
further consideraiiojx a$ not reading on the elected 
species, the appeal as to Aese claims will be 
dismissed, leaving for our consideration only claims 
2, 3 and 6 lo 9. Mo claims have been allowed. 

*^^441 Claims 2 and 9 are suf&ciently lepresentative 
and are reproduced below; 

2. A method of manufacturing a plate or sheet 
having an electrical conductive non-alkali 
metallic plated coating which comprises taking a 
base sheet of flexible impregnable paper 
material, first impregnating the sheet from at 
least one side with a themiosetting resin and 
partially curing said resin in the sheet, then 
depositing a smooth highly-conductive metallic 
film of unifonn thickness on the other side 
capable of being etched into a printed circuit, and 
then laminating the sheet to a backing sheet of 
theimo$etting material and making the final cure 
of the assembly under heat aod pressure. 

' 9. A method of manufacturing a plate or sheet 
having an electrical conductive nonalkaU 
metallic plated coating including the steps of 
taking a base sheet of flexible impregnable paper 
matsdal and first impregnating the sheet from 
one side with a themiosetting resin, and the 
additioaal steps of depositing a smooth metallic 
fihn of Unifonn thickness and capable of being 
etched into a printed circuit on the other side of 
the base sheet, and laminating the sheet with the 
metallic coating and the resin to a* backing sheet 
of themiosetting material^ with the backing sheet 
on the side of the base sheet opposite the metaUic 
film. " 
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Hie references relied upon are: 

^ Baekeland, 1,019,406» Marcb 5, 1912. 

Keller, 2,439,137, April 6, 1948. 

Rxibm, 2,6S0,699, June 8, 1 954. 

The claims are directed to a method of fatnmng a 
lamioated sheet, one suxj^e of which i& made of 
highly conductive material, which method is more 
fiilly described on pages 3 to 5 of appellants brief. 

The alleged invention of the instant application is 
best sununarized by appellant on page 5 of his brief 
as relating **tD a method of making a laminated sheet 
wherein a base sheet is first impregnated with u 
thermosetting oiaierial and thereafter coated with a 
metallic film." 

The examiner has rejected the claims as unpatentable 
over Rubm as well as unpatentable over Keller in 
view of Ba^eland. 

[1] As pointed out by appeDant in his brief, rhc 
examiner severaJ times seems to have considered 
appellants patent as a publication, as . he lia$ 
rejected flie ^appealed claims as unpatentable over 
the disclosure thereof, althoxigh in Paper No. 9, as 
weU as in the statement, the rejection seems to be 
based upon the claims of the Rubin patent' The 
examiner has also expressed the view that a Rule 
131 affidavit is ineffective for appellant to 
overcome his own patent if the present claims are 
Unpatentable over ftie patent, and this view would 
imply, as more fully brought out by tbe examiner 
in answering appellant's arguments, that the basis 
for the rejection is the invention claimed in 
appellant's prior patent In such a rejection if the 
appealed claims are not patentable over the claims 
of the patent^ a Rule 131 affidavit obviously is 
ineffective* as only one patent can issue for a single 
inventive concqit Howev^, if .the claims herein 
are patentably distinct over those of the patent, a 
Rule 131 affidavit obviously would not be 
required. There is therefore no need to consider the 
Rule 131 affidavit 

[2] The examiner in his refusal of the claims has 
included in his statement language indicative that 



he considers s^pellant to have dedicated to the 
public the method recited in the appealed claims. A 
basic requisite for a rejection on this ground is that 
what is claimed herein is disclosed but not claimed 
in appellant's patenT. However, the examiner has 
not even alleged that the sequence of steps required 
by the claims before us is disclosed in the patent, 
and we fail to find any such disclosure in the 
patent In fact, the examiner's argument as to the 
non-criticaliiy of the reversal of the order of steps 
of tiie present claims over those of the Rubin patent 
indicates the lack of any such uudaimed disclosure 
in the patent. It is obvious therefore that there is no 
basis for any "dedication" of the method claimed 
- herein and hence the position of the examiner is 
mitcnable .and cannot be sustained. Ex parte 
Harman Patent File No. 2.520.280, 86 USPO 487. 

[3] This leaves for our consideration the question 
of whether the method claimed herein is patentable 
over the method claimed in appellant's patent as 
only one patent can be granted if there be but one 
invention. The examiner has quite ftUly set forth 
his position in support of this rejectton and 
. answered appellants arguments with respect 
thereto. We therefore find little need for any 
extended comments except to note that appellant 
has not attempted to refute the examiner's position 
thai it is not inventive to change the order of steps. 
In fact, appellant concedes that the same product is 
obtained by either ^e method claimed herein or 
that claimed in the patent Moreover, appellani, on 
page 6 of the brie^ states that: 

"The method described in die patent is 
considered the better of the two M42 methods 
invented, but the method set forth in the instant 
case does perfonn satisfactorily.'* 

It is evident therefore that no unexpected result is 
obtained by reversing the order of steps recited in the 
method claimed in the Rubin patent. In re Halle^ et 
al.. 24 CCPA 887. 1937 CD. 28L 481 O.6. 6, 87 
F.2d 520, 32 USPQ 306LNew Wrinkle. Inc.. &t a1. v. 
WalsoiL 1953 CD. 18. 670 O.G. 306. 204 F.2d 35. 
96 USPQ 436. 438. Accordmgly, we agree with the 
examiner that the method recited in the appealed 
claims is not patentable over i^pellants patented 
method and we will sustain the rejection. 

Hie examiner has also rejected the clahned method 
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as unpatentable over Keller in view of Baekeland, his 
position being as foUows: 

"Keller discloses impregnatmg ^ fibrous sheet 
with theimosetting resin and spraying a highly 
conductive metal on one or both sides of the 
sheet and laminating this to another similar resin 
impregaated sheet under heat and pressure. The 
Baekeland reference is used to show that curing 
a resin in several stages is old in the art. Partially 
curing the resin of Keller before the metal layer 
has been deposited is considered ah obviou$ 
modificatidn of Keller's process of curing. No 
invention is seen in applying a metal film of 
unifonn thickness instead of the irregular 
thickness as in Keller since to do so would be 
mere mechanical expedient. Nowhere does 
applicant show the criticality of this step or that 
any new and unobvious result would be 
accomplished by coating tbe metal unifonj^y 
instead of non-unifoimly." 

While Ketler discloses that the m^tal coating may be 
on one or both sides of the sheet, we find no 
disclosure therein Miiich even suggests, when only 
one side is metallized, that the other side is to be 
impregnated with the thermosetting resin and that the 
impregnated side may then be laminated to a backing 
sheet of thennosetting material. Additionally, in the 
process of Keller it is the metallized face or side of 
the sheet which is laminated to a. resinous material 
and results in a product which would not be suitable 
for appellant's purpose. We therefore are constrained 
■to agree with appfcllant that the procedure of Keller is 
not suggestive of the claimed method and the 
rejection wOl not be susiained. 

The ^eal is dismissed as to claims 1, 4 and 5. 

' The decision of the examiner is af¥iimed. 

PfltOfif. BdApp. 

128 US.P.Q. 440 

ENDOFDOCUME^^T 
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ClhreBURHANS 

Court of Customs and Patent Appeals 

Appl.No.5l2S 

Decided Apr. 1, 1946 
United Staies Patents Quarterly Headnotes 

PATENTS 

[II Patentability— Aggregation or combination— In 
general 

Contention, that references do not teach applicants 
steps which are new in art and necessary to obtain 
desired result, has no merit in abseoace of proof in 
record that order of performing steps produces new 
and lUQ^cpected results. 

PATENTS 

Particular patents— Flour 

Burtians, Enriched and Whole Whear Hour and 
Bread, claims 2, 4, 5, 6, 8, and 10 of ajpplication 
refused 

^330 Appeal from Board of Appeals of the Patent 
Office. 

Application for patent of Merton £. Burhans, Serial 
No. 401,968; Patent Office Division 63. From 
decision rejectmg claims 2» 4, 5» 6, 8, and 10, 
applicant appeals. A£5rmed. 

JOHN P. EAKINS, Chicago, III., for appellant 

W. W. COCHRAN (E. L. REYNOLDS of counsel) 
fdT tbc Commissioner of Patents. 

O'CONNELL, judge. 

This is an appeal from the decision of the Board of 
Appeals of the United States Patent Office afiamilng 
the action of the Primary Examiner in rejecting in 
appellant's application for a patent claims 2 and 4 for 
a maihod of making flour, claims 5 and 6 for a 
method, of making bread, and claims 8 and 10 for an 
article of manufacture of genuine whole wheat flour. 



Ihe foregoing claims were all rejected as laddng 
invention over the prior dxt and claims 5 and 6 were 
further rejected as aggregative. Ihere were no claims 
allowed- 

Claims 4, 6, and 10 are illustrative and sufEiciently 
descriptive of the alleged inventioD. They read: 

4. The method of making genuine whole wheat 
flour which consists in separating the germs 
from the wheatj manufacturing flour from the 
remaining constituents of the wheat, aging the 
flour, incorporating thereinto finely divided non- 
rancid wheat germ constituents, and thereafter 
impregnating the flour with carbon dioxide. 

6. Jhe method of making genuine whole wheat 
bread which consists in separating germ 
constituents from wheat, reducing the remaining 
constituents of the wheat to flour, aging the 
flour, incorporating in the aged flour finely 
divided non-rancid wheat germ constituents, 
4}creafter impregnating the flour with carbon 
dioxide» makhig the flour into dough and baking' 
the dough while the flour still retains a 
substantial amount of carbon dioxide. 

10. As an article of manufecture, genixine whole 
wheat flour comprising finely divided non^^rancid 
wheat geim constituents and the remaining 
constituents of the wheat in finely divided and 
aged condition, the whole mass of the flour 
being impregnated with carbcHi dioxide. 

The refearenoes are: 

Currie (Br.) 5,614 of 1828 

Byrae 29,859 Sept. 4, I860 

Dietz 1,974.808 Sept 25, 1934 

Donk et al. 2,085,421 June 29, 1937 

Wellinghoff 2,230,417 Feb. 4, 1941 
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In support of his position here, ^pellant siates in his 
brief: 

*331 * * * Ir is pertinent to note that the reason 
diat white hread is so widely used 
notwithstaudmg its well-known deficiencies, is 
that flonr to be used by bakers must be aged 
before it acquires good baking qualities. The 
aging of floiir is an oxidation process which can 
be effected by allowing the air to work on the 
flour for an adequate period of time. It was found 
that flom- could be aged much more rapidly by 
incorpgratiug therein an oxidizing agent and 
flour thus aged is usually referred to as "patent" 
flour. The wheat germ contains a large 
proportion of oil and this oil has a great tendency 
to become rancid To avoid this rancidity the 
milling art has firom time immemorial separated 
the germ from the wheat and the resulting flow 
could then be aged. The development of 
rancidity is also an oxidation process and if the 
germ were ground up with the wheat kernel the 
aging process would inevitably result in full 
development of rancidiiy. 

The present applicant has discovered that carbon 
dioxide has ^e quality of preventing ove^aging 
of flour and of preventing the development of 
rancidity. Consequently his method of making a 
true whole wheat flour or an enriched flour 
comprises the following steps in the order state± 

a, separating the germs from the wheat kernels 
and the manttfacture of flour from the rest of the 
kemei; 

h. asms ^he germless flottr; 

c. incorporating in the aged germless flow finely 
divided non^ancid wheat germ constituents; and 

d. impregnating the flow with carbon dioxide. 
(£mphasis quoied) 

The appealed claims have all been rejected on Donk 
et al., Wellinghoff and Dietz in view of Byrne or 
Cuixie. 

Currie shows a method of preserving grain and other 
vegerable and animal substances by &e application of 



carbon dJoxide while the material is stored in air-tight 
vessels, or other proper receptacl6$. He thixs prevents, 
according to his disclosure, the tendency of the grain 
to vegetate and greatly hinders the decomposition of 
oflier Vegetable and animal matters. 

, Byrne discloses a process for treating the flour of 
wheat and other grain with carbon dioxide while the 
flour is inclosed in an ordinary flour bolting chest. In 
his specification, Byrne states- 
It is a well fcoown fact to dealers in flour, that the 
flour of wheat when freshly ground is unfit for 
the use of bakers^ as it makes a much smaller 
loaf than when it has acquired some age. It .is 
also well known that too much age causes 
decomposition, the flour generates animalcules 
• and becomes unfit for any use except siarch 
manufacture. As a remedy for these evils, I treat 
froshly ground flour with carbonic acid gas. It 
readers fresh flour fit for immediate use and 
prevents fiour at a &r advanced age from 
decomposition. 

In the patent to Dietz it is pointed out that "die 
introduction of the v^eat germ, as such, into flour 
tends, by reason of the relatively large quantity of 
germ oil, to make the flour rancid and to affect its 
color and texture.*' Dietz describes^ a process for 
making flour by extracting the germ fi^m the wheat, 
milling the residue into , fiour» extracting and 
activating the oil from the germ '*to a hi^ potency in 
vitamin D and the activated oil is then mixed with the 
residue of the germ in any desired proportion." The 
resultant mixture is then introduced in small 
quantities into fiour prepared in any usual manner. 

Donk et aL relates to processes in treating wheat 
germ so as to make ir useful in tha manufacture of 
bakery and other food products. The patentee 
separately grinds and treats the fresh xvheat germ as 
released in the flour mill in the process ofmilling. It 
is then packaged in appropriate containers in an inert 
gas such as carbon dioxide. Subsequendy the treated 
wheat geim 13 incorporated into bakers' mixture. To 
cure the deficiency in refined wheat flour as 
ordinarily used for bread, one of the prmcipeyi objects 
of Donk ct al. is "to make available for introduction 
into the ordinary bakers* mixture for bread an even 
larger proportion of wheat geizm than is ordinarily in 
(he wheat grain or beny." 
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Wellinghoff removes the oil jfrom the wheat germ Cust. & Pat.App. 

and the non-rancid residue is reintroduced into the 

flour stream for further mflKng with the flour. 59 u.S,P,Q. 330 

Dietz, Wellinghoff and Donk et aL do not END OF DOCUMEJnTT 

specific&Uy desoibe the step of aging the flour, but it 

is referred to in Byrne and each of the foregoing 

references contemplate thai the flour would be aged 

prior to its use by the baker. The aging of flour is not 

Only old in the art but it is also coDventiojnal as 

hereiBbefare noted. In Dietz, Wellinghoff and Donk 

et aL the wheat genn is separately ground and treated 

to remove the rancid element in the germ and the 

non-rancid genn is Hiereaiter incoiporated in aged 

floir for the bakers* mixture. Donk et aL also shows 

that rancidity may be eliminated by storing the germ 

contents in carboo dio>dde, and Byrne discloses *332 

that it is old to impregnate flour with carbon dioxide 

for the purpose not only of rendering freshly ground 

flour jfiit for immediate use by the baker but also of 

preserving the flour by tiie prevention of its 

decomp&sition. 

The cited references considered collectively clearly 
suggest doing the thing that appellant has done in this 
case and the Primary Examiner and the Board of 
Appeals correctly decided that the methods and 
article defined in the appealed claims were not 
patentable over the art of record for the reason that 
what appellant has done would be obvious to anyone 
skilled in the art. See Jn re Stover. 32 C.CP^. 
rPatents^ 823. 146 64 ySPQ 1^^. 

[1] Appellant contends that the references talcen 
singly or together do not teach his characteristic . 
four steps" which are new in the art and which are 
necessary to obtain the desired result There i& no 
merit in the point here in the absence of any proof 
in the record that the order of performing the steps 
produces any new and imexpected results. See In re 
Qib^Qn. 17 C C.PA.rPatents') 1090. 39 FJ2d 975. 5 
USPO 23Q:Iti re Lang et al, 25 CC.P.A. (Patents^ 
132?, 97 f-2d 626. 38 USPQ )87;to re MqKee, 23 
C.C.PA. (Patents-^ J 187. ^3 F.2d 819. 29 USPO 

in view of our conclusion it is nzmecessary to discuss 
and pa$d opgn the question of aggregation and the 
decision of the Board of Appeals is accordingly 
afGrmed. 



COPK © 2008 The Bureau of National Afi^. Inc. 

PAGE 57/57 ' RCVD AT 4/1/2008 3:1 1 :38 PM [Eastern Daylight 



